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Four reasons why you 
should look at our Winchesters 


1. 100% SMD format and interface compatible. 

Just plug it in and it is ready to accept data. 

2. The best price/performance ratio available. 

Kennedy can save you an average of $2000.00 per unit over comparable disk equipment. 

3. Immediate availability. 

Most models are ready to ship 30 days ARO. 

4. Produced by an industry leader. 

Kennedy has been manufacturing Winchesters since 1978 and its reputation for reliability is 
known world-wide. 

KENNEDY 

_ An Allegheny International Company 


1600 Shamrock Ave . Monrovia _ 

(213) 357-8831 TELEX 472-0116 KENNEDY 
TWX 910-585-3249 


KENNEDY INTERNATIONAL INC. 

U.K. and Scandinavia 
McGraw-Hill House 
Shoppenhangers Road 
Maidenhead 
Berkshire SL6 2QL England 
Tel: (0628) 73939 
Telex: (851) 847871 KEN UKS G 
KENNEDY INTERNATIONAL 
Komngin Elisabethplein, 8 


165 Megabytes 
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New WINC05 controller achieves 
5*4 " Winchester and floppy control 
with a single board. 

The new WINC05 system from AED provides complete 
RL01/02 and RX02 emulation with one dual-wide board. 
So now you can combine 5*4" Winchesters with $4” 
floppy backup for the exact disk system package you 
need. It's like getting a floppy controller for FREE! 

The WINC05 board plugs right into your DEC cpu 
to provide disk system capacities ranging from one 
5-MB Winchester and a .5-MB floppy to two 10-MB 
Winchesters and two .5-MB floppies. 

AED offers you a complete system: cables, 
controller, drives, and documentation. Or 
buy just the WINC05 board and add your 
own Winchester or floppy drives. It's easy, 
because AED supports any industry- 
standard drive interface. 

Q-Bus® and UNIBUS® 
compatibility. 

The WINC05 board is fully trans¬ 
parent to DEC operating software 
and diagnostics, and Q-Bus® 
compatible. A quad-wide UNIBUS® 
version will soon be available. 

WINC05 offers you the highest 
data throughput of any 
Winchester/floppy disk system 
around -259 Kilobytes per 
second over the entire disk— 
and much, much more! 


Sponsors of the U.S. Pavilion, 
1982 Worlds Fair 


Domestic Sales Offices: 

Los Angeles 213 907-8811 
Houston 713 688 0700 
Detroit 313-352 4290 
New Jersey 201 238 6322 
New England 617 256-1700 
Washington, D.C. 301 760 4310 
Chicago 312-565-1718. 
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5.5 MB Winchester/floppy combination. 
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21 MB Winchester/floppy combination. 

For instance: complete accom¬ 
modation of all DEC'S future 5*4" 
media through microcode changes 
only; an on-board bootstrap; DC 
drive motors for worldwide use 
without hardware changes; support 
of DEC'S 22-bit addressing for later 
memory expansion; plus integral 
diagnostics and format routine. 

Call or write AED today for 
more information on WINC05. 
OEM quantity discounts available. 

^Reg. trademark of Digital Equipment Corp. 
© 1982, Advanced Electronics Design. Inc. 

a ADVANCED 
ELECTRONICS 
DESIGN, INC. 

440 Potrero Avenue, Sunnyvale. CA 94086. 
Phone 408-733-3555 Tblex 357-498. Outside 
California, Hawaii and Alaska call 800-538-1730. 






































BREAKTHROUGH IN 



BEACON™ leads the way with new standards in 















COLOR GRAPHICS. 

price-performance and human-factors engineering* 
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> Finally, a medium-priced color gr; 
system with the performance of r 
> more expensive systems. 

Introducing Beacon™ from Florida 
Computer Graphics. 

„ Enhanced productivity for 
business and engineering. 

The Beacon™ System displays a full 
^ spectrum of graphics capabilities. Not 
only multi-color graphs and charts, but 
v engineering diagrams, as well. 

As a stand-alone or host-dependent 
- system, Beacon does it all. For enhanced 
productivity in engineering, marketing, 
r manufacturing, and financial control. 

More power where it’s needed. 

* The Beacon System can accommodate 
up to almost 1 MByte of main processing 
memory. With the addition of 640 KB of 
graphics memory, Beacon can create a 
1280 x 960 image resolution used in 
many CAD/CAM applications. This high 

* resolution, combined with standard 
zoom and roam features on a 13" or 19" 

’ display, make Beacon ideal for engineer¬ 
ing applications. Beacon’s own menu 

* driven software and CP/M compatible 
operating system provide access to a 
comprehensive library of programs that 
cover virtually every aspect of business. 

Superior graphics features. 

The extent and caliber of Beacon’s 

* graphics features is unmatched in its 
price range. 

The System’s brighter, more vivid 
colors stem from a unique electronic 

* design and a superior raster scan display. 

The BeaconBRIGHT™ image, com¬ 
bined with an anti-glare filter eliminates 

* the need for hooding the display—even 
in brightly lit areas. 

Circles, vectors, arcs, rectangles and 
polygon fills are generated with hard- 
<4 ware rather than software. As a result, 
image response is almost instantaneous. 

Beacon’s 16x zoom feature can be 
controlled from the keyboard in lx 
v increments. Both horizontal and vertical 
scrolling is variable in speed and excep¬ 
tionally smooth. Beacon also provides 
reverse video and underline, as well as 

* blinking and variable height characters. 

Other graphics features include: 

640 x 480 resolution (standard); 6 memory 
planes with 256 colors—up to 32 usable 
at a time (16 in the graphics plane and 
16 in the alpha numeric plane)—and 18 
programmable function keys on the key¬ 
board and another 18 on the display bezel. 
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See us at the Federal Computer Conference, 


Human-factors engineering. 

The human factors, or ergonomics, 
that make a computer personally com¬ 
fortable played an integral part in the 
Beacon System’s design. 

The critical area of reducing eye 
strain and fatigue has been accommo¬ 
dated through the development of a 
screen image twice as steady as the image 
in other computer systems, including 
those that are advertised as “flicker free!’ 
For extra visual comfort, the brightness 
of the Beacon image is controllable at 
the keyboard, and an anti-glare filter 
reduces distracting reflections. 

And Beacon’s commitment to supe¬ 
rior ergonomic design doesn’t stop there. 
To avoid back strain, the monitor tilts, 
swivels, and uniquely adjusts 5.5" in 
height. In addition, the keyboard is 
separate from the display and can, there¬ 
fore, eliminate the sense of being tied 
down to the monitor. 

Other hands-on features that make 
for greater comfort and productivity are: 
a three-degree adjustable tilt in the key¬ 
board, a p2m rest, tactile feedback, sculp¬ 
tured keys, and a dimpled home key in 
the function and numerical key clusters. 

The importance of MPA. 

Our MPA, or Multiple Processor 
Architecture, is unique to the Beacon 
System. It incorporates six individual 
microprocessors, each chosen for its effi¬ 
ciency in the performance of specific tasks. 

FLORIDA 


System throughput is optimized with 
the use of an administrative processor 
which distributes Beacon’s internal work¬ 
load. A 16-bit bit-slice processor is 
dedicated solely to paphics tasks and 
mathematical functions. 

MPA is at the heart of Beacon’s extra¬ 
ordinary performance. 

Quality and service assured. 

All equipment is constantly moni¬ 
tored and evaluated from our corporate 
production facility, utilizing the most 
sophisticated automated test equipment 
available today. And our systems are 
supported by three levels of service, 
assuring you of minimal downtime. 

BEACON™—the beginning. 

Beacon is available. NOW. And it’s 
just the beginning of a comprehensive 
family of systems that will enhance your 
productivity. Contact us for more 
information on how the Beacon System 
can work for you. We’ll send you our 
full color literature. Just write: 

Marketing Communications Manager, 
Florida Computer Graphics, 

1000 Sand Pond Road, 

Lake Mary, Florida 32746. 

Or call (305) 321-3000. In the Continental 
U.S. outside Florida, dial 1-800-327-3170. 
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COMPUTER GRAPHICS 

VISION IN COMPUTERS. 
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CalComp’s new 36" EPP plots 
from vector data. Thanks to our 


new 95X controllers. 






CALCOMP 

A Sanders Graphics Company 

0 SANDERS 

2411 West La Palma Avenue, Anaheim, CA 92801 (714) 821-2011 TWX 910-591-1154 


CalComp adds an all new 36" Electrostatic Plotter/Printer 
to our family of EPPs. The new CalComp Electrostatic 
Model 5500 gives you high quality, full size plots of your 
CAD/CAM, seismic, mapping, or other engineering 
drawings. 


New controllers drive EPPs and pen plotters. 

CalComp’s new vector to raster controllers are the first in 
the industry to drive both electrostatics and pen plotters. 
These unique and versatile models —for online and 
online/offline applications —free your host computer 
from timely and costly conversion tasks. Plus, one con¬ 
troller can simultaneously be attached to eight CalComp 


electrostatic plotters and a CalComp pen plotter. You add 
to the configuration as your operation continues to grow. 
All with one supplier...CalComp. 


The best warranty and service available. 

The CalComp exclusive one-year warranty on parts and 
labor is the only one of its kind. Plus, we offer the largest 
team of systems analysts and field service engineers to 
help guarantee prompt, quality product support. 

There’s a lot more to know about CalComp’s newest EPP 
and vector to raster controllers. Contact your nearest 
CalComp sales office or write for more information. 


Write 13 on Reader Inquiry Card 


jm 

















SEPTEMBER 1982 
VOL. 12, NO. 9 


Digital Design 




\ 


► 


m 








> 


* 


W 






COMPUTERS/SYSTEMS 


ixP Development Systems: More Choices For The User.32 

New development strategies mean designers must analyze a variety of cost/performance 
trade-offs. 

Designers’ Guide To The IEEE-696 Bus.53 

This article examines the S-KXTs rapid growth, its future and various aspects of its design. 

Market Trends.23 

PABX And LAN Integrate With Energy Management Systems 

Graphics System Design.74 

High Graphics Performance Through Multiprocessor Architecture 
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Micro-Grip Plotter Challenges Flatbeds.44 

H-P's latest entry into the graphics hard copy arena provides flat-bed size plots, but at low 
cost and with lower floor-space requirements. 

Technology Trends.20 

High Capacity 5Vj>" Winchester Offers 3()ms Access Speed 

Market Trends.23 

Keyboard Input Favored Over Touch And Voice • Floppies To Pass The $1 Billion Level 
In ’84 


COMPONENTS 


Do It Yourself VLSI.60 

The rapidly expanding custom logic field will provide designers the opportunity to maxi¬ 
mize board space and to make proprietary designs. 

Innovative Design.76 

Winchester Controller Designed For Multitasking Systems 

Technology Trends.18 


High-Growth Of Surface Mounted Packages Forecast • Stackable Module Houses 16K- 
Byte Static CMOS RAMs. 



p. 74 (photo courtesy Florida Computer 
Graphics) 



p. 44 (photo courtesy Hewlett Packard) 



p. 60 (photo courtesy AMI) 
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H-P's 7585A plotter represents a major step 
forward in making large-scale plotters 
smaller, cheaper and faster (see p. 44). 
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Modgraph GMD 
Display Generators... 

High Performance Graphics 
at an Unbeatable Price! 


A tough statement backed by a 
unique modular approach. Buy 
only the capability you need. 



Modular in design, configurations 
are available ranging from single 
board BAA/ graphics 
to full color 
image display 
systems at resolu¬ 
tions from 
512 X 512 to 
1024 X 1024. 


Graphics memory is switchable 
from 30HZ interlace to 60HZ 
repeat field for flicker free display 
at no additional cost. 


□ compact Modular Design 

□ 512 X 512 to 1024 X 1024 
resolution 



□ interlace or Repeat Field 

□ 128 ACM Character 
Generator 

□ 1-15 x Character 
Magnification 

□ On Board 8 or 16 Bit 
interface 

□ RS-232 interface 



To fully appreciate the Modgraph 
GMD Display Generator, you have 
to see it in action. We'll arrange 
for a demonstration and show 
you the latest in high perform¬ 
ance graphics at an unbeatable 
price. 


Modgraph, Inc., 1393 Main Street, Waltham, MA 02154 (617) 890-5764 
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V4-INCH TAPE CARTRIDGES 
START-STOP OR STREAMING DRIVES 


ALL ANSI COMPATIBLE DISKS, 
8 AND 14 INCH PRIAM DISKS 

INDUSTRY STD. V 2 -INCH TAPE 


WINCHESTER 
DISK CONTROL 
WITH MAG TAPE 
BACK-UP 


Our RIMFIRE controllers are full Bus Masters with a variety of options 
that make it easy to design them into any Multibus system. Their simple 
Parameter Block Interface offers numerous programming options such as 
Bus Lock, ECC and Retry Disable, Linked Commands and Mailbox 
Interrupts. 


CALL OR WRITE FOR COMPLETE INFORMATION 

•Multibus is a trademark of Intel Corporation 

© 1982 Computer Products Corporation 2405 Annapo |j s |_ ane 

COMPUTER Suite 250 

PRODUCTS Plymouth, MN 55441 

CORPORATION Phone (612) 559-2034 
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WINCHESTER 

RAPK1 IP 

IV. I megabytes to a ta 


Back-up your Win- 

^ I Chester with the new 

^ 8 ■■■8 " file oriented Model 

150. . . Transfer data 
up to 13.4 formatted 
megabytes to a tape cartridge. . . Use 
CP/M* and MP/M* compatible software, 
Drivers included. . . Just plug the new 
Model 150 into any S—100 compatible com 
puter system. . . Contact us today for 
complete details! 




Division of North Atlantic, 60 Plant Avenue, 
Hauppauge, NY 11788, (516) 582-6060 
Toll Free (800) 645-5292 
* Registered Trademark of Digital Research 
*‘Registered Trademark of North Atlantic 
Industries, Inc. 
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The Hecon with 
the Hopper. 


The Hecon A0542 impact dot matrix ticket printer with hopper 
feed. Load up to 75 tickets in the easily accessible hopper. 
When you are ready to print, the A0542 automatically feeds, 
prints and transports the ticket for removal. You can even 
reinsert a ticket for additional printing thru the unique reprint 
feed slot. 

The highly visible Time and Date feature is standard and can 
be printed with a single command. 

The A0542 can print the 96 character ASCII set bidirectionally 
at 120 characters per second. The standard print head is 
rated at 200 Million characters minimum for long, dependable 
service. 


It's got to be good. It’s a Hecon. 




HECON 


Hecon Corporation, 31 Park Road. Tmton Falls. NJ 07724 

• (201) 542-9200 
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DIGITAL DESIGN is circulated only to qualified 
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ARE YOU PLANKING TO MOVE 
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LSI-11 System Boxes and Box Systems 
• Functionality • Versatility • Reliability • Cost Effective 

MDB makes the difference! 


H 




No compromise! You can get the LSI-11 system building blocks you need, from a system box to a box system, 
for fast, efficient system configuration. All with plenty of board space in the box for system applications that 
require specific user selected modules. 

No matter what kind of system you’re building, from support for battery back-up to core memory and 
everything in between, it doesn’t pay to start with less than a no compromise enclosure. 

By no compromise we mean: 

• System boxes from 8 to 32 dual slots, 

(8 to 16 quad), you select what you 
need. 

• Triple output (-l- 5V, +12V, -12V) 
cool running, efficient, light weight 
regulated switching power supplies 
with up to 50 amps capability at + 5V. 

• Integral 22 bit addressing, with built- 
in bus termination. 

• Multilayer motherboard backplane 
for the cleanest possible signal paths. 

• Built-in power sequencing and line 
time clock. 

• No rewire for 115V 60Hz to 230V 
50Hz operation. 

• Front or rear loading configurations. 

MDB has more experience building box con¬ 
figurations than any other manufacturer. In fact 
we offer thirteen. 

By starting with the most functional system 
boxes available, MDB also builds the most 
versatile box systems you can buy. 

Systems which include the 
LSI-11/23 CPU, 22 bit address¬ 
ing memory, Q-Bus 8 or 16 line 
multiplexors, high speed syn¬ 
chronous communications in¬ 
terfaces and the complete line of 
MDB interfaces. 

With MDB box systems, you 
don’t buy any board you don’t 
need. And you pay less for the 
system than you would for the in¬ 
dividual modules. All products are 
warranteed for 1 year and can be 
purchased under GSA #GS-OOC-02851. 

You win no matter how you stack it with 
MDB! Let MDB make the difference. 


1995 N. Batavia Street 
\w*S Orange, California 92665 
I ■ ILJLJ 714-998-6900 
SYSTEMS INC. TWX: 910-593-1339 
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Next MDB DEC Compatible Shows: October 12, 1982, Hyatt Regency, Columbus, Ohio; October 14, 1982, Holiday Inn, Ann Arbor, Michigan. 













Datacube boards give your CPU 
video I/O capability... economically. 



Put sight in your present system by mating your computer with our 
Video Graphics boards. They digitize and display information in real time 
from standard video cameras for MULTIBUS™ and Q-BUS™ systems... 
without host computer intervention. 

Datacube boards provide reliable, low cost vision for robotics, 
inspection, medical imaging, teleconferencing, animation, etc. Available 

for both monochrome and color 
monitors. 

See how easy it is to make 
your computer see like a hawk. Call 
or write Datacube Incorporated, 

4 Dearborn Road, Peabody, 

MA 01960, Telephone: 

(617) 535-6644. 



Datacube 
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REPRINTS 

Digital Design will reprint any article from past or present issues. Reprints 
are custom printed. Minimum order: 1,000 copies. Purchase order or letter 
of authorization required. 

Allow one month from receipt of order for delivery, unless previously 
arranged and confirmed. 

Advertisements alone can also be reprinted. Call (617) 232-5470, and ask 

for reprints. 


Unpaid Overtime 

Dear Editor: 

As an example of how engineers 
are being exploited during this re¬ 
cession due to the lack of a union 
or IEEE support, at our company 
(a large brewing company located 
in Milwaukee) all engineers are 
“expected" to work 4 hours on 
Saturdays, and if needed, on Sun¬ 
days. On holidays, and even such 
days as Memorial Day, Indepen¬ 
dence Day, etc., a notice is sent 
out stating the engineering build¬ 
ings will be open. This indicates 
all engineers are again expected 
to work 4 hours—all without pay! 

Not satisfied with that, the Cor¬ 
porate Engineering Building has 
installed a time lock at the door, 
so all engineers must “clock in" 
and the door is “locked in" until 
5PM. Engineers are expected to 
travel to other company plants on 
their own time and come home 
late (after 5PM)—all without pay. 
If you protest or do not show up 
on Saturdays/holidays it is con¬ 
strued as a “protest" and your 
salary increment/promotion is af¬ 
fected. Verbal protests have been 
settled by “firing." 

How does one fight this situa¬ 
tion? National publicity or a boy¬ 
cott is the only solution. Why 
don't you investigate this work 
situation? Salary is not all we 
should be fighting about! (View¬ 
point 3/82) 

A Brewing Co. 

Corporate Engineer 
Milwaukee, WI 

Quite Impressed 

Dear Editor: 

We just received your April issue 
of Digital Design and were quite 
impressed bv the article written 
by Paul Snigier entitled. “Design¬ 
er's Guide to the STD BUS." It's 
a very well written article and one 
that accurately portrays the de- 
siiin considerations of the STD 
BUS. 

Marv C. McDougal 
Applied Micro Technologv 
Tucson, AZ 85702 
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DRAFTING SYSTEM 1 

The World's Leader in Computer Schematics 
and Automatic Data Base Preparation 


FREE-HAND SKETCH 



“DS1” allows operator to digitize directly from a free¬ 
hand sketch. Vocal Output prompts operator as IBM 
Microcomputer collects data. Enter a “D” size in 1 hour. 
NO GRIDS. EDITS are performed in minutes. 


Computer straightens slanted lines, uses correct 
size symbols and enters alignments among symbols 
entered by user during input. Drum plotter or 
Electrostatic plotter output. 


BILL OF MATERIALS 


BILL OF MATERIALS FOR DRAWING NUMBER AD1237S8 
ITEM QTY PART NUMBER DESCRIPTION 

1 4 054- 4000 SNT404N 

I 12 054-002 8N740M 

3 I 054-4080-67 RESISTOR 1.5* 1/2W S« 

4 2 078- 57B4-1 ZENER DIODE 1NS21 6.2L 


ZENER DIODE 1N821 4.2L 
RESISTOR 1.5K 1/2W 51 
8N7404N 
SN7402N 


“DS1” automatically 
provides Net and Bill 
Lists directly from data 
base of digitized 
schematic. 


“DS1” interfaces to P.C.B. Routers, Wire Wrap, 
Simulation and Test Programs. 


“DS1” performs Back-Annotation from a “Was-To” list 
derived from the P.C. Router. “Back-Annotation” auto¬ 
matically updates the schematic to agree with the circuit 
board component placement. 

Write 7 on Reader Inquiry Card 
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Calendar 


September 29-October 2 

COMMON Fall 82 Conference. Bilt- 
more Hotel, Los Angeles, CA. An IBM 
Computer users' group features user and 
IBM speakers. Contact: David G. Lister, 
COMMON-F82, 435 N. Michigan Avc.. 
Suite 1717, Chicago, IL 60611; (312) 644- 
0828. 

September 30-October 2 

Phoenix Computer Expo. Phoenix Civic 
Plaza, Phoenix, AZ. Contact: Carol 
Houts, Judco Computer Expos, 2629 N. 
Scottsdale Rd., Scottsdale, AZ 85252; 
(800) 528-2355, (602) 990-1715 in Arizona. 

October 1 

“Computer Animation/ 1 Essex House, 
New York, NY. Features presentations by 
six of the leading computer animation 
houses. Contact: Perry Jeffe. Pratt Cen¬ 
ter, 505 White Plains Rd., Tarrvtown, NY 
10591; (914) 631-8772. 

October 4-6 

Convergence ’82. International Congress 
on Transportation Electronics. Hyatt Re¬ 
gency, Dearborn, ML Contact: M.J. 
Asensio, SAE. 3001 W. Big Beaver Rd., 
Suite 602, Troy, MI 48084; (313) 649- 
0402. 

October 4-6 

VLSI and Software Engineering Work¬ 
shop. Port Chester, NY. Contact: J.A. 
Rader, 7372 W. 83rd St., Los Angeles, 
CA 90045. 

October 4-8 

AdaTec Tutorial and Conference on Ada. 

Arlington, Va. (Tutorial: Oct. 4-5: Con¬ 
ference: Oct. 6-8) Contact: Anthony Gar- 
garo. Computer Sciences Corp.. 304 West 
Route 38. Moorestown, NJ 08057; (609) 
234-1100, ext. 2280. 

October 5-8 

Microprocessor Troubleshooting Course. 

Boston, MA. A four-day course provides 
participants with the opportunity to learn 
practical troubleshooting techniques. 
$895. Contact: Ruth Dordick, Integrated 
Computer Svstems, 3304 Pico Blvd., PO 
Box 5339. Santa Monica, CA 90405; (213) 
450-2060. 

October 5-7 

MICRO 15. The 15th Annual Workshop 
on Microprogramming. Palo Alto, CA. 
Contact: Will Tracz, IBM-FSD. 101BM44. 
Owego, NY 13827. 

October 6-8 

20th Annual Allerton Conference on 
Communication Control, and Computing. 

Monticello. IL. Contact: Prof. H.V. Poor, 
Coordinated Science Lab, University of Il¬ 
linois at Urbana-Champaign. 1101 West 
Springfield Avc., Urbana. IL 61801. 


October 7, 13, 19 

Invitational Computer Conference. Am¬ 
sterdam, Oct. 7; Milan, Oct. 13; Munich, 
Oct. 19. These one-day shows of operating 
equipment displays and technical seminars 
are designed to reach OEMs, system 
houses and quantity end users. Contact: 
Susan Fitzgerald. B. J. Johnson & Associ¬ 
ates, Inc., 3151 Airway Ave, #C2, Costa 
Mesa, CA 92626; (714) 957-0171. 

October 11-13 

Seventh Conference on Local Computer 
Networks. Minneapolis, MN. (Tutorials: 
Oct. 11; Conference: Oct. 12-13.) Con¬ 
tact: Harvey A. Freeman. Architecture 
Technologv Corp., PO Box 24344, Minne¬ 
apolis, MN 55424. 

October 11-14 

INFO ’82. New York Coliseum, New 
York. NY. Information Management Ex¬ 
position and Conference. Contact: Clapp 
and Poliak. Inc.. 70S Third Avc.. New 
York. NY 10164; (212) 661-8010. 

October 11-15 

Computer Communications Systems and 
Networks. George Washington Universi¬ 
ty, Washington, DC. Intensive program 
devoted to the state of the art of modern 
data communications systems. Course No. 
596DC. Contact: Computer Engineering 
Education, George Washington Universi¬ 
ty, Washington," DC 20052; (800) 424- 
9773. 

October 12 

NECOM ’82. Boston Marriott Hotel, 
Newton, MA. A single source computer 
show for OEMs, sophisticated end users, 
dealers and distributors. 1-7PM. Contact: 
Norm DeNardi Enterprises. 289 S. San 
Antonio Rd.. Suite 204. Los Altos, CA 
94022; (415) 941-8440. 

October 14-15 

Man Machine Interface. Columbia Inn. 
Columbia, MD, and November 4-5. Hyatt 
Regency, Austin. TX. Contact: Continu¬ 
ing Education Institute, Oliver's Carriage 
House. 5410 Leaf Trader Wav, Columbia, 
MD 21044; (301) 596-0111. 

October 17-20 

International Telecommunications Forum 
1982. Marriott Waterfront Hotel. Boston, 
MA. “The Changing Basis of Competition 
in the '80s." Sponsored by Arthur D. Lit¬ 
tle, Inc. Contact: Patricia K. Finnegan, 
Arthur D. Little, 25 Acorn Park, Cam¬ 
bridge, MA 02140; (617) 864-5770. 

October 17-20 

MILCOM '82. IEEE Military Communi¬ 
cations Conference. Stouffer's Bedford 
Glen. Bedford. MA. Contact: MILCOM 
'82. PO Box 208. Bedford. MA 01730; 
(617) 271-2809. 


October 18-22 

Third International Conference on Dis¬ 
tributed Computing. Ft. Lauderdale, FL. 
Contact: Distributed Computing, Box 639, 
Silver Spring, MD 20901; (301) 589-3386. 

October 19-20 

1982 International Display Research Con¬ 
ference. Cherry Hill, New Jersey. Con¬ 
tact: Thomas Henion, Palisades Institute, 
201 Varick St., New York, NY 10014; 
(212) 620-3384. 

October 19-22 

Sixth International Conference on Pattern 
Recognition. Munich, Germany. Contact: 
Prof. Dr. H. Marko, Lehrstuhl fur Nach- 
richtentechnik, der Technischen Universi- 
tat Miinchen, 8000 Miinchen, Federal Re¬ 
public of Germany. 

October 25-28 

First Annual Workshop on Interative 
Computing: CAD/CAM: Electrical Engi¬ 
neering Education. Charlottesville, VA. 
Contact: Dr. Harlan Mills, IBM-FSD, 
66(H) Rockledge Dr., Bethesda, MD 
20034; (301) 493-1495. 

October 26-28 

CAM-I 11th Annual Meeting and Fall 
Technical Conference. Reno, NV. “Be¬ 
yond CAD/CAM — Extending the Lim¬ 
its" will focus on both immediate and long 
range user needs as well as the latest 
advances in computer aided design and 
manufacturing (CAD/CAM) technology. 
Contact: Rhonda Gerganess, CAM-I Con¬ 
ferences, 611 Rvan Plaza Dr., Suite 1107, 
Arlington, TX 76011; (817) 860-1654. 

October 26-27 

The Ottawa High Technology Show. Civic 
Center. Lansdowne Park, Ottawa, Ontar¬ 
io, Canada. Contact: Ron Connelly, Show 
Manager, 2487 Kaladar Avenue, Suite 
107. Ottawa, Ontario, Canada, K1V 8B9; 
(613) 731-9850. 

October 26-28 

Fifth IEEE Symposium on Mass Storage 
Systems. Boulder. CO. Contact: Bernard 
T. O'Lear or Karen Friedman, National 
Center for Atmospheric Research, PO 
Box 3000, Boulder CO 80307; (303) 494- 
5151, ext. 293 or 387. 

October 28-31 

Mid-Atlantic Computer Show. Armory/ 
Starplex. Washington. DC. Contact: Com¬ 
puter Expositions, Inc., PO Box 3315, 
Annapolis, MD 21403; (301) 263-8044. 

October 30-November 2 

Sixth Annual Symposium on Computer 
Applications in Medical Care. Washing¬ 
ton, DC. Contact: Bruce Blum, Sympo¬ 
sium Program Chairman. Johns Hopkins 
Univcrsitv. Travlor 514, Baltimore. MD 
21205; (301) 955-8375. 
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Ever feel rooked by memory prices? 

Well, you can play the game for less if you 
make the move to Plessey. 

We've just converted our entire memory production to 
CAD/CAM. That means greater capability, even more 
consistent quality, and something else—low price. 

In fact, when you buy Plessey memories, you get the 
first one at the 100-unit price. Like a PDP-11/44 1 
Mbyte ECC for $2580. Or an LSI-11 SV128 256 Kbyte for 
$630. Or even a VAX S730 1 Mbyte only $2665. 

The savings are the same on all our boards. Core and 
MOS. 16 Kbytes to 1.0 Mbytes. With Omnibus, Unibus, 
Q-bus, MJ11SJ-780, or NOVA bus chassis compatibility. 


In fully populated and depopulated versions. 
Plus, every Plessey memory comes with a free 1-year 
warranty. And if we install your memory for you, you also 
get free on-site repair for 30 days. 

But chances are you'll never have any problems. 
Because we inspect and test every memory we make. 

So if you want to hold your memory costs in check, 
mate your system with Plessey. It's the only move you need 
to remember. 

Plessey Peripheral Systems 

1691 Browning Avenuo. Irvine, CA 92/14 
(714) 557 9811/(800) 854 3581 (Outside CA) 


Prices are applicable in U. S only 

PDP 11, LSI*11. VAX, Omnibus, Uftibus and Q-bus are registered trademarks of Digital Equipment Corporation NOVA is a registered trademark of Data General Corporation 
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Digital Research Develops NS 16000 SW 

Digital Research will develop and market a 
multi-tasking version of its CP/M operating 
system for National Semiconductor's 
NS16016 16/32-bit pP. The NS16016 was se¬ 
lected by Digital Research because it sup¬ 
ports the industry standard 8080 instruction 
set. The NS16016 runs 8080 instructions 
more than four times faster than the current¬ 
ly available 8080 8-bit (jlP. 

AMD Announces Latches 

AMD has announced availability of six new 
members of its Am29800 Family of High- 
Performance Bus Interface devices. The new 
products, designated Am29841 through 
Am29846, are 8-, 9- and 10-bit parallel 
latches. Designed to eliminate the extra 
packages required to buffer existing latches 
and to provide extra data width for wider ad¬ 
dress/data paths or buses carrying parity, the 
24-pin, 0.3-inch space-saving devices feature 
fully TTL-compatible inputs and outputs. All 
of the bipolar Am29800 latches are manufac¬ 
tured using AMD's proprietary IMOX ion- 
implanted oxide-isolated fabrication process. 

Forward Technology Adopts Standard 

Forward Technology, Santa Clara, CA has 
announced that it has adopted the standard 
two-dimensional software graphics package 
proposed by the Association of Computing 
Machinery's Siggraph group for its Forward 
Gateway Workstation. The specific imple¬ 
mentation of the standard package was de¬ 
veloped by Graphic Software Systems, Wil- 
sonville, OR. It operates under the Xenix 
operating system used by the Gateway 
Workstation. 

Rockwell/Seeq Agreement 

The Electronic Devices Division of Rockwell 
International has signed a license agreement 
with Seeq Technology, San Jose, CA, under 
which the Division will obtain Seeq process 
technology and product design. It is also 
contemplated, Rockwell said, that the Divi¬ 
sion will be a second source for the Seeq 16K 
electrically erasable read-only memory 
(E 2 ROM, Part #5213) and the 64K ultra- 
violet-erasable programmable read-only 
memory (UV EPROM, Part #5133). The 


D5213 has 5V programmability, a worldwide 
first in the semiconductor industry. 

Graphics Standards 

Digital Equipment, Intel and Tektronix, 
have announced their adoption and joint 
support of two emerging graphics standards. 
The companies plan to incorporate the stan¬ 
dards into their future products. The first is 
the North American Presentation Level Pro¬ 
tocol Syntax (NAPLPS), developed by the 
Canadian Dept, of Communication. The 
Virtual Device Interface (VDI), the second 
proposed standard, is being developed by 
the ANSI Technical Committee X3H3, 
Computer Graphics Programming Lan¬ 
guages. 

Streaming Tape Standards Group 

Four manufacturers of Va" cartridge tape 
drives have formed an international group to 
promote widespread use of such drives by 
encouraging standards that will lead to in¬ 
dustry-wide compatibility. Any other maker 
of Va” drives that wishes to become a mem¬ 
ber is welcome to join. Initial members of 
the Group are Archive, Costa Mesa, CA, 
Cipher Data Products, San Diego, CA, Data 
Electronics, San Diego, CA and Tandberg 
Data A/S Oslo, Norway. 

Array Processors 

Perkin-Elmer and CSPI, have entered into a 
joint development agreement for operating 
32-bit and 64-bit array processors with Per- 
kin-Elmer's Series 3200 computer systems 
via a shared memory interface. The develop¬ 
ment effort is directed at the seismic and 
scientific calculation markets where Perkin- 
Elmer will be able to address compu¬ 
tationally intensive requirements at a 10-100 
times speed improvement. 

Zilog Samples Virtual Memory pP 

Now available in sample quantities the 
Z8003 and Z8004 Virtual Memory Processor 
Units from Zilog are 16-bit MOS pPs offer¬ 
ing all the features of Z8001/2 CPUs, plus in¬ 
tegral provisions for operation in a virtual- 
memory environment. The VMPUs operate 
at clock rates of up to 10 MHz and are fully 
binary-, function- and pin-compatible with 
the Z8001/2. 
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and faster... 



MARS-232 Array Processors 
Support the User 

who needs: 

Signal Processing 

with programmable high-speed 
arithmetic, logical, and decision- 
oriented operations for real-time 
applications. 

Data Acquisition 

directly into the processor at sam¬ 
ple rates up to 20 MHz via a prior¬ 
itized multi-port bus structure. 

Standard I/O Interfaces 

using 32-bit digital I/O, A/D and 
I)/A modules with speeds up to 
5 MHz, all with software support 
for ease of integration. 

Architectural Modularity 

to configure ultra-high perform¬ 
ance multi processor systems 
reaching to 300 million arithmetic 
operations per second and beyond. 
OEM Capabilities 
where, as a development system, 
the MARS-232 supports low-cost 
ROM-based MARS-132 s or cus¬ 
tomized user-defined VLSI 
implementations. 


MARS-232 Array Processor 

Features Include: 

■ IK Complex FFT Performance 

l.05-msec Single Data Processor 
0.5-msec Dual Data Processor 

■ 100-nsClock 

■ DMA Transfers at I/O Bus Rates of 
20 Mbytes/second 

■ Modularized 16- or 32-bit Arith¬ 
metic Units 

■ Multiple Processor Configurations 
for Application Flexibility 

■ Low-cost OHM Configurations 

■ Full Software Support at Systems/ 

I itilities/Applications Levels 


NUMERIC 


MARS-232 Array Processor 
Software 

In today's world it is not enough 
to have outstanding hardware. 

Our interactive software system, 
GSP, allows hands-on assembly/ 
disassembly, loading, debugging, 
and diagnostic services-with mul¬ 
tiple processor support built-in. 

For the real-time environment, we 
use ESP, a host-resident executive. 

It provides intelligent supervision 
for host programs that call applica¬ 
tions library or user-defined sub- 
re nitines, wit he >ut compre musing 
the speed of MARS. 

MARS-232 Applications 

With its high computational capac¬ 
ity and le)w ce>st, the MARS family 
pmvides solutions for a bmad 
range of application areas-on-line 
video inspection and image analy¬ 
sis; front-end data acquisitie>n, com¬ 
pression, and formatting; spectral 
analysis, filtering and thresholding. 

MARS- a new world of perform¬ 
ance for medical, seismic, radar, 


sonar, and communications systems. 

For additional information on the MAKS Famih of High Speed Array Processors, write or call: 

Numerix (.orp .320 Needham Street. New ton, MA 021(>l Tel. 61 7 Otvi 2500 
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Model 410/411 

Single roll printer For single or 
multi-ply paper Prints a 3'A 
line up to 40 columns Three 
printhead types available for 
various document thickness 
and dependable print quality. 


Printheads 

Choose from 3 printhead models foi 
integration with your own equipment All 
with a minimum of 100 million characters 
and lifetime, low maintenance reliability 
Short medium, and long stroke models 
Available in either 40 or 24 VDC 


Printer 

Products 


Model /OOO I 

Designed lot * ommeicial and industrial 
needs Simple design, no special papei 
needed Atliactive » ase 40 Or tl4 chaiat lei 
« apat Ity 


























































News Update 
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Arcnet To Be Sold On Open Market 

Datapoint Corporation, San Antonio, TX, 
has signed an agreement under which Stan¬ 
dard Microsystems Corp. Hauppauge, NY 
was granted a non-exclusive license to mar¬ 
ket Datapoint’s Arcnet transceiver chip. To¬ 
gether with Datapoint’s RIM (Resource In¬ 
terface Module) chip, Arcnet provides the 
electronics necessary for Arcnet interfacing. 

Archive Streaming Tape For Plexus 

Archive Corporation, Costa Mesa, CA, has 
been awarded a $1 million contract from 
Plexus Computers, Santa Clara. Plexus will 
incorporate the 20 Mbyte Intelligent Side¬ 
winder Va streaming cartridge tape drives 
into their P/25 minicomputers. The Side¬ 
winder will back up 8" Winchester disk 
drives with 22, 36, or 72 Mbytes of formatted 
capacity. 


iAPX 286 Development Packages 

The first software development and high lev¬ 
el language packages for the iAPX 286 mi¬ 
crosystem were announced by Intel Corp of 
Santa Clara. The new packages provide the 
first system and application design tools 
geared to the 286. 

A price cut of over 50% was recently ef¬ 
fected for the Intel 8087 numeric processor 
device for the iAPX-86 and iAPX-88 sys¬ 
tems. Volume pricing is projected to drop 
further by half in 1983. 

Rockwell Relocates Electronic Devices 

The Electronic Devices Division of Rockwell 
Int. will relocate its headquarters from Ana¬ 
heim to Newport Beach. CA. in an attempt 
to reduce facility costs and improve interde¬ 
partmental communication. 
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EXATRONS 

RS-232C STRINGY/FLOPPY 
MASS STORAGE SYSTEM. 



Mini-disk speed,capacity and 
reliability for only $399.50. 


• Standard RS-232C communications link 

• Built-in operating system 

• Two file management structures: ASCII and binary 

• Three baud rates available: 300,1200 and 9600 

• Busy/ready handshaking supported 


Call our HOTLINE... 
(800)-538-8559 
In California, 

Call (408)-737-7111 


©excitron 

Exatron, inc. 

181 Commercial Street 
Sunnyvale, California 94086 
(4081-737-7111 
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BUY DIRECT AND 
SAVE A BUNDLE? 



NEW! 

Model 770 
12 Monitor Housing 
with 5V Z dual 
floppy disc drives 

« 95 m 

Yearly orders of 5000 or more 
reduce the unit price to $49.48! 
Choose from two keyboard sizes. 
$19.29 and $22.50 


This handsome enclosure is molded 
by Hettinga's advanced stress free TCM 
process that vastly improves on tradi 
tional structural foam molding. Combin 
ing beauty, function and durability, this 
housing has the most competitive price 
on the market. 

Easy to build into, its exceptional 
sturdiness permits the monitor to be 
mounted directly to the bezel bosses 
and eliminates the cost of the wire 
frame. Standard inserts are molded in. 


• Meets all foreign and domestic 
standards 

• EMI/RFI shielding available 

• Made from UL VO 94-95 approved 
rating molding materials 

• Any size order welcome 

• 24-hour shipment on stock items 

• We do molding, shielding and painting 
in our plant 

• Other sizes available, ask for our 
brochure 


HETTINGA, INC. 

8000 University Avenue 
Des Moines, Iowa 50311 
Telephone 515/224-1114 Telex 478315 
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Technology Trends 


High-Growth Of Surface Mounted Packages Forecast 


The completion of a year-long 
study on electronic packaging has 
been announced by Integrated Cir¬ 
cuit Engineering, Scottsdale, AZ. 
Entitled, “Electronic Packaging 
Strategies for the 80s," the major 
study encompasses seven volumes 
and represents distillation of tech¬ 
nology gathered from Europe and 
Japan as well as the US. 

ICE forecasts high growth of 
surface-mounted packages and 
makes a strong case for leaded, 
rather than leadless, chip carriers. 
The quad version of the cerdip 
(that ICE calls a “cerpack") 
could be a winning approach 
for hermetic packages that must 
mount on organic printed circuit 
boards—which ICE sees around 
for many years, yet. For non-her- 
metic packages, ICE sees the 
post-molded plastic quad pack as 


the replacement for the plastic 
dual-in-line package (DIP), and 
the quad structure lends itself to 
future assembly automation. 

With the price of metallized 
tape falling and I/O densities ris¬ 
ing, ICE sees that automated 
bonding (TAB) will attain signifi¬ 
cant growth, after languishing as a 
niche technology for a number of 
years. For IC I/O counts between 
100 and 300, ICE sees TAB-like 
connection pads in the active area 
of IC chips, as opposed to being 
constrained to the periphery of 
the die. 

For very high pin counts, how¬ 
ever, ICE sees the “flip-chip" ap¬ 
proach championed by IBM as 
the best way. ICE feels that .im¬ 
proved substrate material and ad¬ 
vances in wafer processing will al¬ 
low this controlled-collapse solder 


bonding technique to accommo¬ 
date up to 1,000 interconnects per 
chip. 

The study predicts return of 
US-owned offshore package as¬ 
sembly as overseas wages rise and 
the value of individual compo¬ 
nents increase drastically. Com¬ 
puter modeling was used to deter¬ 
mine life cycle costs of a number 
of typical device/package configu¬ 
rations to review impact on pack¬ 
aging. In-process inventory and 
process control will become more 
critical than the hourly labor rate 
by the end of the decade. Cost 
per interconnect will be reduced 
by a factor of four over the dec¬ 
ade, and good cost payoffs are 
seen for multilayer polyimide sub¬ 
strates, new hermetic approaches, 
TAB chips directly on substrates 
and automatic die bonding. 


Stackable Module Houses 16 K-Byte Static CMOS RAMs 


National Semiconductor has in¬ 
troduced a 16 Kbyte static CMOS 
RAM module, which includes de¬ 
coding logic and decoupling ca¬ 
pacitors, that not only requires 
only one-fourth the circuit board 
space of conventionally-packaged 
devices, but can also be stacked 
eight times to add memory up to 
128 Kbytes. 

The “stackability" feature of 



Figure 1: National Semiconductor's 
16 Kbyte static CMOS RAM module 
includes decoding logic and de¬ 
coupling capacitors , requiring only a 
quarter of the circuit board space 
used by existing devices. 


the MA2016 module, which en¬ 
ables increased packing densities, 
provides for vertical interconnec¬ 
tion of up to eight modules to ob¬ 
tain a total memory capacity of 
128 Kbytes. The module is also 
designed for horizontal “stack¬ 
ing" but requires suitable circuit 
board interconnection of the 
module. 

The MA2016 stackable module 
was designed using a space-saving 
technology developed to reduce 
the number of parts required in 
the manufacture of calculators 
and handheld game modules. As 
the result of the substantial sav¬ 
ings in board space, the MA2016 
is suited for use in handheld 
computer terminals, handheld in¬ 
strumentation, portable computer 
systems, telegraphies and tele¬ 
communications. 

The MA2016 stackable module 
contains eight 6116 16 Kbyte 
RAMs, a high-speed P 2 CMOS 
decoder, several fast CMOS 
gates, and two power-supply de¬ 


coupling capacitors. 

The complete module measures 
only 1.6" by 2.5" and is 0.35" 
high—about twice the width and 
the same length as a standard 40- 
pin DIP. The package has 40 pins 
on the bottom with the leads 
spaced 1.3 inches apart to facili¬ 
tate mounting directly onto a 
printed-circuit board. Sockets on 
the top enable additional modules 
to be easily plugged in. 

The memory of each module is 
structured as a 16 Kbyte by 8-bit 
block with an access time of only 
250ns. Two jumpers located in a 
notch in the side of the module 
determine the address range of 
the 16 Kbyte block. 

The module requires low power 
for operation—only 40mW—ob¬ 
tained from a single supply volt¬ 
age of only 5V. Data can be re¬ 
tained at voltages as low as 2V. 
All inputs and outputs are TTL- 
compatible. Evaluation units of 
the MA2016 are available for $250 
each. 
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medical 

applications 


Audiotronics... 
the American company that can 
satisfy your data display needs. 


WORD 

PROCESSING 


GRAPHICS 

DISPLAY 


Yesterday’s ideas might not be good enough for 
today or tomorrow, and selecting the proper data 
display has never been more significant. Recent 
studies in the computer marketplace indicate 
the CRT display has become the single-most 
important element in today’s computer systems. 
An easy-to-read, jitter-free display is of course 
a dynamic part of this critical man/machine 
interface. 

If you want to look at things with a fresh point of 
view, an eye-pleasing Audiotronics data display 
can help insure maximum productivity for the 
end user. 

With our full line of data products, in 5", 7", 9", 
12" and 15", there is a good chance that we 


have already solved your problems. We have 
developed and engineered data display products 
to satisfy almost every need for today’s 
applications. Because we know what works and 
what doesn’t, our expertise can be put to good 
use in developing your needs for today and 
tomorrow, with performance and quality that 
meet your budget objectives. - 


7428 Bellaire Avenue 
North Hollywood, 
California 91605 
(213) 765-2645 

AUDIOTRONICS 
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Technology Trends 



Career 

Opportunities 

in 

Digital Design 

Readership: 

Over 62,000+ qualified 
engineers and managers 
at 18,000+ important 
design locations. 

Editorial: 

Look for a new column 
on employment trends to 
accompany recruitment 
advertising. 

Rates: 

$85 per column inch 
3 column x 10" page 
— $2500 (IxB&W) 

Contact: Bill Pryor, 
Manager, Recruitment & 
Classified Advertising, 
Morgan-Grampian 
Publishing Co., 
1050 Commonwealth Ave. 
Boston, MA 02215 
(617) 232-5470. 


High Capacity 5 1 // Winchester 
Offers 30ms Access Speed 


The first products of a family of 
514" Winchester disk drives that 
can store up to 46.3 Mbytes of 
data and can be accessed in 30ms 
was introduced at this year's 
Comdex Spring show, held in 
Atlantic City, NJ. These high-ca¬ 
pacity and fast access speed hard 
disk drives compare favorably in 
capacity to current 514" disks on 
the market but also perform at 
speeds usually found in the larger 
8" disks. 

The breakthrough is attributed 
to the combination of drive tech¬ 
nology and the type of heads used 
by Atasi engineers, according to 
the San Jose, CA company's 
president, Frank C. Gibeau. “The 
combination of high capacity and 
fast access is vital for multi-user, 
multi-tasking |xC systems," says 
Mr. Gibeau. While 5Va hard disk 
manufacturers have pushed the 
available capacity on their prod¬ 
ucts they have generally not met 
the need for fast access time. 

The drive is a closed-loop servo 
with a linear actuator and Win¬ 
chester-type ferrite read/write 
heads. The units are interchange¬ 
able with standard 5‘/4" floppy 
disk drives and can be mounted 
vertically and horizontally. Three 
initial members of the family are 
the 3020, 3033, and 3046—a 19.84 
Mbyte, 33.07 Mbyte and 46.3 
Mbyte-capacity units respectively. 

Atasi's president says that the 
products are the first in the indus¬ 
try to use a closed-loop servo sys¬ 
tem with a linear voice coil posi¬ 
tioner in the 5 VS package. Precise 
positioning is ensured through the 
ball bearing supported carriage. 
The bottom surface of the lowest 
disk contains the continuous servo 
code that is usually only found in 
the higher-priced 14" disks. Up to 
4 disks may be loaded. The |xC 
servo control provides self-test 
during the power-up sequence 
and access control during the 
track seeking mode. The servo 
system controls to within ± 1% 



Figure 1: Model 3033 is a 5VS Win¬ 
chester disk drive that offers 33M 
bytes and 30 ms access time. 


the speed of the eight-pole dc 
brushless spindle motor. 

The recording media consists of 
a lubricated thin magnetic oxide 
coating on a 130-mm diameter 
aluminum substrate and the re¬ 
cording heads are composed of 
manganese zinc ferrite sliders. 

So sure are Atasi engineers of 
their products' ruggedness that 
the company does not require the 
user to conduct preventive main¬ 
tenance. 

In quantities of 1000 the 3033 
and 3020 units are priced at $1800 
and $1470, respectively. Produc¬ 
tion is scheduled to start in Sep¬ 
tember while the 3046 will pre¬ 
mier in the fourth quarter this 
year and production will start in 
the first quarter of 1983. Price will 
be determined at introduction. 

Atasi, which was formed in 
1981, is making its task to provide 
the OEM market with 5VS disk 
drives that will be price/perfor¬ 
mance competitive with their larg¬ 
er 8- and 14-in. counterparts. Two 
primary market segments will be 
served: the small business com¬ 
puter and local area network mar¬ 
kets. Gibeau has assembled so far 
six individuals who together com¬ 
prise 112 years of combined head, 
disk media, and drive manufac¬ 
turing experience to meet that 
task —Nicolas Mokhoff 
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TEST-FLY 
A s 20 MILLION JET 
ON AN APPLE? 

YES. WITH MICROSPEED. 


At the Bethesda Naval Research Center, they’ve 
discovered the power of MicroSPEED. The Navy’s 
engineers use this remarkable hardware/software 
combination to “fly” an advanced fighter aircraft 
in real time —even making vertical landings on a 
simulated carrier deck. A “crash” is merely another 
learning experience, and an opportunity to modify 
the research aircraft—inside the Apple—to improve 
tomorrow’s combat planes. 

Surprised that such a sophisticated task is possible 
on the Apple? So were the Navy’s officials, and many 
others who have discovered... 

THE MICROSPEED DIFFERENCE This extraordinary 
Language System exploits the real potential of the 
microcomputer for the first time. The difference 
between MicroSPEED and other programming lan¬ 
guages is that with MicroSPEED, there is virtually no 
limit to what you can achieve. It may well be the 
ultimate language for the Apple II and III (and soon 
the IBM Personal Computer). MicroSPEED literally 
combines the performance of a minicomputer with 
an exhaustive set of user-friendly capabilities: hard¬ 


ware math processing, fast hi-res graphics and text, 
turtle graphics, print formating, two text editors, 
unlimited data types, and incredible FORTH extensi¬ 
bility—all at speeds up to 100 times faster than Basic. 

USER-FRIENDLY, EASY-TO-LEARN Starting with 
simple commands that are comfortable even for 
non-programmers, MicroSPEED extends and builds, 
allowing y ou to create y r our own tailored application 
languages. The capability' of y our computer will 
grow exponentially', as you work in an active part¬ 
nership w ith the machine, exploring and develop¬ 
ing new 7 problem-solving facilities—creating, cor¬ 
recting, refining y our increasingly powerful system. 

DEMANDING JOBS AT LOW COST Developed 
by a team of standout computer professionals, 
MicroSPEED has been put to the test in fields as 
diverse as medicine, the stock market, oceanography, 
and the arts. In even the most challenging appli¬ 
cations, MicroSPEED users have been unanimous 
in their praise of the System and manual. Typical 
comments are: 



“Very high marks” 

Thomas Tosch Phd., Tosch Information Management. 

“The more I use MicroSPEED , the more I love it” 

James L. Hockenhull, University of Washington. 

“Great!...A joy to use” 

Henry 7 Harris, Mission Designer, Cal Tech’s Jet Propulsion Lab. 


“If you plan to use the Apple or IBM Personal 
Computer for any demanding task , then we built 
MicroSPEED for you” 

Sam Cottrell, President of Applied Analytics. 


MicroSPEED requires the Apple or IBM Personal Computer with single 
disk.MicroSPEED II includes 2 MHz math processor. MicroSPEED 11 + 
includes 4 MHz math processor. 

Applied Analytics Incorporated 
8910 Brookridge Drive 

Upper Marlboro, Maryland 20772 (301) 627-6650 


Lm interested! My computer is:- 

Please send me: 

_MicroSPEED II, $495.00 _160 Page Manual, $15.00 

_MicroSPEED II +, $645.00 -Detailed Information 

Name:_ 

Company_ 

Address__ 


City_State_Zip_Phone No.( ). 

Use this coupon to order, or for more information. 


MicroSPEED 

APPLE IS A TRADEMARK OF APPLE COMPUTER INC 



Write 24 on Reader Inquiry Card 



























International 


Peripheral Equipment 
& Software Exposition 


September 29, 30 and October 1, 1982 • Anaheim Convention Center • Anaheim, California 

Sponsored by: Mini-Micro Systems magazine 


% 




If you are an OEM, Systems Integrator, Dealer, 
Distributor or Multi-quantity End-User, here's a unique 
opportunity to examine, evaluate, compare and select 
equipment and products such as: 


• Tape and disk drives • Computer graphics 

• Hardcopy terminals • Software 

• Printers • CRT terminals 


• Add-on/Add-in memories 

• Controllers and interfaces 

• Data communications equipment 


... from leading manufacturers and suppliers as: 


Adaptec, Inc. 

Advanced Electronic Design, Inc. 
American Computer 
Hardware Corp. 

Amlyn Corporation 
AMPEX 

Memory Products Division 
Anadex, Inc. 

Applied Circuit Technology 
Applied Data Communications 
Archive Corporation 
ATASI Corporation 
Aviv Corporation 
Burr Brown 

Business Computer Systems 
Magazine 

Cahners Publishing 
Computer Business News 
Computerworld 
CW Communications 
Cameo Electronics, Inc. 

Century Data Systems 
A Xerox Company 
Cipher Data Products, Inc. 
Computer Products 
Custom Systems, Inc. 

Cynthia Peripheral 
Corporation 
Computer Equipment 
Services 


Data Electronics, Inc. 

Data Peripherals 
Dataram Corporation 
Data Technology 
Datum, Inc. 

Decision Data Computer 
Corp. 

DI-AN Controls, Inc. 
Distributed l ogic 
Corporation 
(Dilog) 

Dylon Corporation 
Dataproducts, Corp. 

Digital Design 
Morgan Grampian 
Publications 
Emulex Corporation 
Envision 
Evotek 

Falco Data Products 
Fujitsu America, Inc. 

G. R. Electronics 
Gryphon Systems 
of C. J. Wigglesworth 
Software 

Innovative Concepts 
Interlan 

International Memories, Inc. 


Interphase Corporation 
Irwin International, Inc. 

C. Itoh Electronics 
Liberty Electronics U.S.A. 
MDB Systems 
Mega Tape Corporation 
Megavault, an SLI Company 
Met One, Inc. 

Micro Peripheral, Inc. 
Micropolis Corporation 
Microscience International 
Corporation 
Mini Micro Systems 
Magazine 

Cahners Publishing 
Miniscribe Corporation 
3M Company 
Data Recording Products 
Moya Corporation 
NCR Corporation 
OEM Marketing Division 
NEC Information Systems 
Northern California 
Electronic News 
Southern California 
Electronic News 
Bender Publications 
Priam Corporation 


Printek, Inc. 

Printronix, Incorporated 
Quantum Corporation 
Qubex Associates 
Quentin Research 
Qume 
Rodime Ltd. 

Rotating Memorv 
Systems, Inc. 

Seagate Technology 
Selanar Corporation 
Shape Magnetronics 
Siemens Corporation 
Sigma Sales 
Spectra Logic 
Syquest Technology 
TAB Products Company 
Electronic Office 
Products Div. 

Tandon 

TEAC Corporation of 
America 
Trilog, Inc. 

Universal Data Systems 
Wespercorp 

Western Peripherals Div. 
Western Digital Corporation 
Westrex OEM 
Xylogics 




-V 


d 


f 


the latest developments in peripherals technology, as well 
• • • as trends for the future, through an applications-oriented 
Technical Program. You'll learn from experts who will be on hand to share their ideas 
and expertise, and answer your questions. 


Peripherals '82 


is your best opportunity to survey the latest 
equipment and technology from the industry's 
leaders! Put PERIPHERALS '82 on your calendar today! 


Organized by: 


CEG 


Cahners Exposition Group 

Cahners Plaza 


1350 E. Touhy Ave. 

P.O. Box 5060 
Des Plaines, Illinois 60018 
(312) 299-9311 telex 82882 
CEG/CHGO 
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Floppies To Pass The $1 Billion Level In ’84 


Optical Versus Magnetic Media 
(Percentage By Shipment Value 



1982 

1985 

1990 





Floppy 

51.3 

52.8 

46.9 

Winchester 

8.4 

16.7 

28.7 

Hard Pack 

40.3 

27.3 

14.9 

Optical 


3.3 

9.4 


TOTAL 100.0 

100.0 

100.0 






Figure 1: By 1990 only about 9% of the media market will be for optical media , 
compared to almost 50% for floppies and 30% for Winchester media. 


Very rapid increases in the use 
of 5 l A" and 8" floppy disks, to¬ 
gether with an upsurge in the new 
3Vi” size, will push shipments of 
floppy disk media past the $1 bil¬ 
lion mark by 1984, according to 
a new report from Internation¬ 
al Resource Development Inc. 
Flexible disk media (which re¬ 
cently overtook traditional hard 
disks in terms of media ship¬ 
ments) will lead the storage media 
market throughout the 1980's. Al¬ 
though optical disks will become 
commercially available in 1984, 
the principal applications will be 
in very large memory systems, 
leaving most of the memory mar¬ 
ket to magnetic media. By 1990 
only about 9% of the media mar¬ 
ket will be for optical media, 
compared to almost 50% for flop¬ 
pies and 30% for Winchester me¬ 
dia. (Figure 1) 

Venture Capital 

According to the report there 
will be a new round of opportuni¬ 
ties for innovative start-up firms, 
paralleling the success in the 
1970's of such firms as Verbatim, 
Maxell and Dysan. “Drexler 
Technology looks like the leader 
today in the optical disk media 
market,” said International Re¬ 
source Development’s Ken Bo- 
somworth, who cautions industry- 
watchers to note, however, that 
Drexler's main sales to date have 
been of evaluation kits to optical 
drive manufacturers. Bosomworth 
sees BASF, 3M and DuPont as all 
being threatened in the magnetic 
media field by ultra-thin metal 
coatings, deposited on new types 
of substrate materials by sputter¬ 
ing techniques. “It may turn out 
to be a horserace between the 
Japanese manufacturers—particu¬ 
larly Sony—and a new set of Sili¬ 
con Valley startups,” suggests 
Bosomworth. 

IBM, which pioneered the 
flexible disk concept and was the 
leading supplier of floppy drives 
and media for many years, has 
been pushed out of first place in 
the floppy media market by Ver¬ 


batim. Verbatim and other ven¬ 
dors frequently manufacture flop¬ 
pies on a "‘private label” basis to 
be sold by mail order companies, 
office supply stores, etc. 

Computer Stores 

In an analysis of distribution 
channels for floppy media, IRD 
concluded that computer stores 
had now pulled ahead of other 
types of distribution channels (in¬ 
cluding mail order computer 
products vendors, office supply 
stores and hardware manufactur¬ 
ers). The trend is expected to 
continue, both because of attrac¬ 
tive pricing (some computer 
stores use floppy disks as “loss 
leaders” to attract traffic) and be¬ 
cause of the convenience factor— 
when a user runs out of floppies, 
he tends to not want to wait one 
or two weeks for a new supply. t 

3V2" Disks 

With the expected introduction 
this year of 3V2 floppy disk drives 
from several manufacturers, a 
new market will open up for 3 V 2 " 
floppy disk media. According to 
the IRD report, Sony, Hitachi 
and Maxell are already gearing up 
to supply this market with media. 
IRD analysts expect Verbatim 
and 3M to follow quickly. 

Optical Disk Media 

In analyzing the state of the art in 
optical disk technology, research¬ 
ers are looking at several different 
materials for the substrate and the 
recording layers. Recording mate¬ 
rial might be metal and polymer 


compositions, vesicular films, bi¬ 
layers or infrared-absorbing or¬ 
ganic materials. Metals consid¬ 
ered for the recording layer 
include tellurium, silver, gold, 
platinum, selenium and bismuth. 
Other possibilities are absorbing 
organic materials such as cross 
linked gelatin, by Drexler; homo¬ 
geneous grain free films, by Ko¬ 
dak; and metal composite films in 
polymerized plasma, by Nippon 
Telephone and Telegraph. 

Substrate materials are also 
very important. Possible materials 
include aluminum, glass, polycar¬ 
bonates and microtextured-Teflon 
based polymer materials. The lat¬ 
ter enhances the heating effect 
and reduces the power required 
to modify the recording film. 
“Many of the aspiring optical disk 
drive manufacturers are faced 
with an awkward choice right 
now,” reports Bosomworth. “Al¬ 
most everyone is having pesky 
dropout problems with experi¬ 
mental optical media, and a num¬ 
ber of manufacturers are leaning 
towards the use of Drexler’s 
Drexon material. But industry ru¬ 
mors are that Control Data and at 
least two other vendors have re¬ 
jected Drexon because of prob¬ 
lems with error rates.” 

International Resource Devel¬ 
opment Inc.’s report (#502) enti¬ 
tled Optical And Magnetic Disk 
Media is available at $1,285. For 
further information contact: IRD, 
30 High Street, Norwalk, CT 
06851 (800) 243-5008 (in CT or 
outside the U.S. (203) 866-6914); 
Telex 64 3452. 
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Market Trends 


PABX And LAN Integrate With Energy Management Systems 


Strong market potential through¬ 
out the 1980s for PABX, local 
area network (LAN) and energy 
management markets will moti¬ 
vate suppliers to integrate sys¬ 
tems to provide new applications. 
Combined revenues for shipments 
of PABXs, LANs and energy 
management systems (EMSs) will 
nearly double this market's cur¬ 
rent 1.3 billion figure to reach 
$2.3 billion by 1985. 

Technological achievements in 
the areas of wideband digital 
transmission and very large scale 
integration (VLSI), increased 
market competition, the deregula¬ 
tion of the communications indus¬ 
try, as well as continued energy 
conservation, are all factors driv¬ 


ing the integration of energy man¬ 
agement with communications 
networks. A complete breakdown 
of the LAN/EMS/PABX market 
is shown in Figure 1. 

Energy management features 
are used to generate new rev¬ 
enues for PABX manufacturers 
while providing customers with 
energy savings to offset the costs 
of a PABX purchase. They may 
be provided on a PABX by total 
system integration or a two-ven¬ 
dor approach. Total system inte¬ 
gration provides the highest mar¬ 
ket sophistication in which the 
PABX processes information in 
addition to switching information. 
Currently, one single-vendor ap¬ 
proach exists and is used by 


American Telephone and Tele¬ 
graph Company (AT&T). How¬ 
ever, a two-vendor approach will 
better meet the immediate needs 
of many suppliers and ensure ade¬ 
quate energy management and 
PABX expertise. The two meth¬ 
ods for this approach are: 

• Separate processors and sepa¬ 
rate communications networks 
with a processor interface capa¬ 
bility. This provides a single 
user interface and is used by 
Stromberg-Carlson. 

• Separate processors and shared 
communications networks. This 
approach is used by CEDCO, 
Inc. and Universal Communica¬ 
tions Systems. 

The large installed base of 
PABX systems is the first market 
for PABX suppliers to penetrate 
with energy management capabili¬ 
ties. The AT&T Dimension-based 
EMS, priced at $400-$700 per 
point, is not cost competitive and 
offers only basic energy man¬ 
agement features. However, the 
industry-specific approach taken 
by the large Bell marketing net¬ 
work has been very successful. 
Initially, PABX-based systems 
have been marketed to the less 
sophisticated hotel and health 
care sectors. However, significant 
customer savings make systems 
appealing to other sectors as well, 
as shown in Figure 2. The maxi¬ 
mum potential EMS market will 
reach $14.5 billion if 100% pene¬ 
tration is achieved. New suppliers 
should provide advanced features 
including optimum start/stop and 
HVAC reset, demanding two-way 
communications capabilities to 
penetrate various industry sec¬ 
tors. 

An analysis of this market po¬ 
tential is outlined in the recently 
published MAPTEK USA World¬ 
wide Energy Opportunities Pro¬ 
grams report entitled, “Energy 
Management Opportunities On 
PABX Systems.'’ For further in¬ 
formation, contact: Quantum Sci¬ 
ence Corp., 1114 Avenue of the 
Americas, New York, N.Y. 
10036, (212) 997-0070. 



Figure 1: Total PABX I Energy Management System! Local Area Network Ship¬ 
ment Forecast shows the market nearly doubling by 1985. 


TOTAL ENERGY MANAGEMENT MARKET 
POTENTIAL (SBILLIONS) 


0 5 10 15 



Figure 2: The maximum potential EMS market could reach $14.5 billion. 
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Keyboard Input Favored Over Touch And Voice 


Managers place a significantly 
higher value on a full keyboard 
than on either a touch screen or 
voice input devices according to a 
recent market study on manage¬ 
ment workstations. Advanced Re¬ 
sources Development, a Boston 
area consulting firm, found that 
the recently acquired experiences 
of managers in the operation of 
interactive printer terminals, CRT 
terminals, word processors and 
personal computers are responsi¬ 
ble for their increasing acceptance 
of keyboarding. Even though 
managers may not want to key in 
long documents or piles of data, 
they have come to view the full 
keyboard as the major control de¬ 
vice on a computer system. 

Office automation vendors 
have recently introduced new 
operator interface devices to al¬ 
low managers to use worksta¬ 
tions without keyboarding. The 
“mouse” cursor control used on 
the Xerox Star workstation allows 
the user to select icons or pictures 
representing common office func¬ 
tions or menu items listed on the 
screen. Touch sensitive screens 
provide another alternative to 
permit the user to point directly 
to items on the screen. Excalibur 
Technology has introduced voice 
recognition of simple commands 
on a workstation geared for ex¬ 
ecutives. Preprogrammed keys, 
which perform a complex series of 
operations with one keystroke 
such as “find” or “select” are also 
being designed on workstations. 
Programmable keys, such as those 
offered on the Corvus worksta¬ 
tion, allow changing functions for 
the keys with each application. 

While managers will appreciate 
the added convenience of the new 
interface devices, most are not 
willing to trade in a full keyboard 
for a bank of “idiot” buttons, 
“cartoon” graphics, or a touch 
screen. Most of these workstation 
interface enhancements are best 
suited for aiding the infrequent 
user in accessing stored informa¬ 
tion. 


IBM and Wang have recently 
announced voice messaging sys¬ 
tems touting them as “break¬ 
throughs” in overcoming resis¬ 
tance to office automation. Voice 
messaging systems enable users to 
record messages for electronic 
storage distribution while elimi¬ 
nating the need for keyboard in¬ 
put. However, ARD found that 
voice storage was not a highly val¬ 
ued workstation feature. While 


voice is the most heavily used 
communication method for busi¬ 
ness interaction, managers do not 
appear to be quite ready to talk to 
machines. 

It is projected that the worksta¬ 
tion market will grow at a healthy 
40% per year through 1986. More 
than 4,500,000 workstations val¬ 
ued at $25 billion will be shipped 
during the five year period from 
1982-86. (Figure 1) Four types of 
computer products including 
desktop business computers, mul¬ 


tifunctional word processors, 
computer terminals, and special¬ 
ized workstation devices will be 
configured with software and 
communications to support man¬ 
agement workstation applications. 
By 1986, specialized workstation 
devices based largely on the mi¬ 
crocomputers used on desktops 
today will account for 32.3% of 
the unit shipments. General pur¬ 
pose desktop computers will con¬ 


tinue to play an important role in 
the management workstation 
market due to their lower cost 
compared to more specialized 
products. 

More information on this study 
of the management workstation 
market entitled, “Management 
Workstations: Markets and Strat¬ 
egies 1981-1986,” is available 
from Advanced Resources Devel¬ 
opment, 28 A Park Street Station, 
Medfield, Massachusetts 02052. 
(617) 359-8090. 



Figure 1: By 1986 , specialized workstation devices based largely on the |xP used 
on desktops , will account for 32.3% of the unit shipments. 


Digital Design ■ September 1982 


25 


















Applications Notebook 


Fiber Optic Modem Provides Good Noise Immunity 



Figure I: This simple circuit will provide bit error rates of or better over a 
distance of 5 kilometers without a repeater. 



One of the most common applica¬ 
tions of fiber optics is the trans¬ 
mission of RS-232 computer data. 
The outstanding noise immunity 
of fiber optic cables allows them to 
be installed in existing cable trays 
near noisy power cables without 
interference causing data errors. 

Stricter FCC regulations re¬ 
garding EMI (electro-magnetic in¬ 
terference) or RFI (radio fre¬ 
quency interference) also make a 
fiber optic system attractive be¬ 
cause the fiber does not radiate 
interference. To prevent radiation 
a wire transmission line must be 
well shielded which increases its 
cost significantly. 

In some parts of the country, 
frequent summer thunderstorms 
wreak havoc with data transmis¬ 
sion. A nearby lightning strike 
can induce a tremendous voltage 
in long wire cables, not only caus¬ 
ing errors in the data, but actually 
destroying any electronics con¬ 
nected to either end. Due to its 
all-dielectric construction, a fiber 
optic cable is not affected by 
these damaging transients. 

Most RS-232 applications don't 
use the full complement of con¬ 
trol protocol spelled out by EIA 
RS-232C, so circuit complexity 
and cost can be reduced substan¬ 
tially by designing an optical mo¬ 
dem without these functions. A 
simple circuit, shown in Figure 1, 
will give excellent performance at 
minimum cost. A bit error rate 
(BER) of 10“ y or better can be 
achieved over a distance of more 
than 5 kilometers without a re¬ 
peater. Cable selection will deter¬ 
mine how far the modems will 
transmit. (Table 2) 

With the circuit shown in Fig¬ 
ure 1, simplex, half-duplex or full 
duplex operation is possible be¬ 
tween modems. A dual-fiber ca¬ 
ble (or two 1-fiber cables) can be 
used to transmit the optical data. 
A system block diagram is shown 
in Figure 2. 

The circuit (Figure 1) consists 
of a Burr-Brown fiber optic trans¬ 
mitter and receiver with level- 


Figure 2: System block diagram. 

shifting circuitry to convert the 
TTL levels required bv the 
FORllOKG and FOTllOKG to 
standard bipolar RS-232. 

R 2 determines the input imped¬ 
ance and together with D| and D : 
clamps the ±3V to ± 25V input 
to a safe level. R| is used only 
when it is necessary to reduce the 
transmitter output power to pre¬ 
vent receiver overload which 


could occur with very short links. 
Figure 3 shows the transmitter 
output power vs. R\. For maxi¬ 
mum power, pin 15 is simply 
grounded. A “Mark'’ input will 
turn ON the transmitter LED. 

The TTL output of the 
FORllOKG is converted to about 
± 12V by using an op-amp, ICj, 
as a comparator. The voltage di¬ 
vider formed by R 3 and R 4 set a 
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PLAN TO ATTEND 

The Only Conference and Exhibition 
in the Midwest exclusively for 
Automated Testing & Production 


ATE CENTRAL^/ ] 

Automated Testing for Electronics 
Manufacturing Conference 


O'Hare Exposition Center, Rosemont, Illinois 
Oct 25-28, 1982 


FOR THE PRODUCTS, IDEAS AND CONCEPTS 
TO MEET TOMORROW’S NEEDS 


The ATE Conferences are recognized as the “learning place” 
for managers, supervisors and engineers engaged in quality 
control and testing for manufacturing and product development. 

Join over 2,000 industry professionals in Chicago to broaden 
your testing knowledge, update your testing skills and help benefit 
your company by keeping abreast of state-of-the-art technological 
developments. 

ATE Conferences offer an intensive 4 day program of technical 
sessions, seminars and workshops. In addition, you can select 
from a concurrent program of in-depth, practical short courses 
and tutorials 


★ Intensive 4-day program of over 40 
technical paper sessions. 

★ Hands-on, practical technical workshops. 
★Special tutorials and mini-courses. 

★ Professional advancement courses. 

★Comprehensive 3-day exhibit of the latest 
in automated test equipment. 


THE ELECTRONICS INDUSTRY’S LARGEST EXHIBITION OF TEST EQUIPMENT 



ATE CENTRAL will also feature one of the largest displays of 
test equipment ever assembled in the Midwest. 

Over 100 domestic and international companies will introduce 
their newest products in over 30,000 square feet of exhibit space. 
Discover what is available to help solve your test and quality 
control problems Save weeks of searching for the right component 
instrument or system. See live demonstrations of the very latest 
innovations the industry has to offer. 

Produced by 

M(s^aoni>(BnMmiposDnD (Stomp 

sponsored by Electronics Test magazine. 


TECHNICAL SESSIONS AND WORKSHOPS ON THESE TOPICS: 


• ATE for Automotive and Machine Tool 
Applications 

• Integrating ATE into Plant-Wide Data 
Networks 

• Test Strategy Economics 

• Test Program Generation Management 

• High Speed Dynamic Testing 

• High Speed Parametric Testing 

• Computer-Aided Field Service 

• Interactive Diagnostics Displays 

• Interlinking CAD with TPG 

• Optimizing Field Service ROI 

• Advances in RF Component Test 

• Developments in Micro-Temperature Sensing 

• Spnng Probe Technology 


• Linear Component Testing 

• EMI Shielding Techniques 

• ATE Management Techniques 

• Testing Fibre Optics Components 

• Making Testability Policies Work 

• Optimizing ATE Acquisition 

• Long-Range ATE Planning 

• Quality Control in ATE 

• IEEE-488 Bus Applications 

• Developments in Test and Calibration 
Instrumentation 

• Solving Noise Problems in ATE 

• VLSI Load Board Design 

• Failure Analysis of VLSI Components 

• Wafer Sort/Yield Economics 


PLEASE SEND MORE INFORMATION 

1 am interested in attending: 

□ ATE CENTRAL Technical Program 

□ ATE CENTRAL Conference and Exhibition 

Name ___ 

Title_ 

Company _ 

Address __ 

City _ 

State_ 

Zip- 

Return coupon to ATE Conference Registrar, 
Morgan-Grampian Expositions Group, 

2 Park Avenue, New York, N.Y. 10016 
(212) 340-9700. 
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Power Adjust Resistor (R,) 


Figure 3: Transmitter optical output power vs. power adjust resistor. 


±1.2V threshold for IQ. De¬ 
pending on baud rate, a 741 or 
NE530 is used to purposely limit 
the output slew rate. Internal op- 
amp current limits and R s serve 
to meet the RS-232 requirements 
for driver output short-circuit cur¬ 
rent and power-off output resis¬ 
tance. The receiver's automatic 


threshold detector allows hands- 
off operation, as no adjustments 
are required to compensate for 
age or temperature. 

To transmit true DC so that the 
link can be totally “transparent'’ 
(in other words, the baud rate can 
go to zero) the squelch function 
of the FOR110KG is used. This 


overrides the auto threshold cir¬ 
cuit when the input signal drops 
to zero for more than a few sec¬ 
onds, keeping the bit error rate 
very low. Below an input of about 
40nW, the open collector squelch 
output clamps the data compara¬ 
tor output to prevent the internal 
comparator from triggering on 
noise. With pin 30 open, the 
squelch level will be about 20nW, 
giving a little more receiver sensi¬ 
tivity but with a small BER penal¬ 
ty (10" y instead of 10" u ) if the 
baud rate is less than about 2 or 
the optical line is broken. The re¬ 
ceiver is phased so that an idle 
optical line (LED ON) gives a 
“Mark" output. 

Excess bandwidth which con¬ 
tains more noise than information 
is rolled off by C 4 . This capacitor 
isn't absolutely necessary but 
since it improves the BER signifi¬ 
cantly, it's worth including. 

The optical input signal to the 
receiver can be monitored by a 
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Choose the most advanced, reliable mouse 
for your system. 

The HAWLEY 

ND 53 VHDIM 

The Mouse House has more experience in manufacturing 
mice than any other company. After all, we invented our 
first digital mouse in 1972. 



The HA WLEY X063X Mouse moves the cursor in any 
direction on a computer displav screen, in direct 
proportion to its own movement, with a resolution of 
200 ppi The user-fnendly Mouse rolls freely on any 
convenient surface 


HEESE EEESE 


A DIVISION OF HAWLEV LABORATORIES 

Purveyors of fine digital mice to an exclusive 
clientele since 1975 



1 741 8th Street Berkeley CA 94710 / (415) 525 5533 / TELEX 1 72029-SPX SRFL 
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The bo-sherrel M-3 Asynchronous Line Driver provides 
full duplex data transmission over regular 4-wire lines. It 
is end-to-end compatible with bo-sherrel's M-1 Short 


Haul Modem, but requires 
terminal. 

bo-sherrel co. 

6101 Jarvis Avenue 
Newark, CA 94560 
415 + 792-0354 


power from the attached 


Quantity: Price: 

10-99 $83.00 

100 - 999 $67.00 

1000 - UP $51.00 
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Dataram M23 

The Useabte 4.0MB LSI-TI 


A dramatic innovation unlocks 
the power of the LSI-11/23 

The M23: The answer to your 
high-performance LSI-11/23 needs 

What controllers can be used? 

The key to the M23 System, Dataram’s 
proprietary memory management Q-MAP 
enables you to use the full 4.0MB power of the 
LSI-11/23. It provides I/O mapping, which 
supports a wide range of existing peripheral 
controllers on an 18-bit bus (Q18). While still 
maintaining the 22-bit bus (Q22) for 4.0MB 
main memory addressing. 

DEC® software compatibility? 

The M23’s Q-MAP emulates DEC’S KT24 
memory management, which means it operates 
with RSX11-M, RSX11-M PLUS, RSTS, UNIX, 
and all other DEC operating systems which 
support the KT24. 

Memory? 

A I.OMB quad board is contained in the basic 
M23 configuration. Think of it, a full 4.0MB on 
only four DEC quad boards! And each 
additional I.OMB is only $3400. 

System configurability? 

The 5 Vi" M23 provides an incredible 27 DEC 
dual slots. And since the basic configuration 
(LSI-11/23, OCU, two SLUs, Q-MAP, 
bootstrap/diagnostic PROMs, and I.OMB 
memory) occupies only six of those 27 slots, 
that leaves you 21 slots to configure a 
high-performance LSI-11 system. 

5.0 volt current? 

36 amps. 

Price? 

$9400 for the basic configuration, with I.OMB, 
in single quantity. Yes, only $9400...and 
considerably lower in OEM quantities. 

More information? 

Circle the reader service number below, or 
better yet, call Dataram now at 609-799-0071, 
or write to Dataram, Princeton Road, Cranbury, 
New Jersey 08512. Telex: 510-685-2542. 


DEC and LSI-11 are registered trademarks of Digital Equipment Corporation 


DATARAM 

CORPORATION 
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Applications Notebook 


scope probe on pin 8. This signal 
appears as a negative voltage of 
about - IV per mW of optical in¬ 
put power. Excellent BER perfor¬ 
mance is assured if a comfortable 
signal input margin is detected at 
pin 8 (Figure 4). 

If only TTL level signals are 
transmitted the extra RS-232 in¬ 
terface circuitry can be eliminat¬ 
ed. Data rates of 2 MB/S NRZ 
are possible with this TTL link. 
For high speed operation reduce 
C 4 to 47pF and avoid excessive 
capacitive loading of pin 8 by the 
scope probe. 

The RS-232 connector is a 25 
pin female D connector with 
some provision for accommodat¬ 
ing protocol oriented lines. The 
CD line is simply derived from 
the modem power supply and the 
RTS/CTS and DSR/DTR lines 
are looped back. 

Additional circuitry such as 
LED indicators for T x or R x , or 
handshaking protocol could be 



Peak Signal Voltage At Receiver Pin 8 


Figure 4: Typical bit error rate vs. 
peak signal voltage at receiver pin 8. 

added, of course, if desired. A 
fully functional CD line can be 
derived from the open-collector 
squelch output (pin 29) of the re¬ 
ceiver. The data output can also 
be squelched by ANDing the 
data out (pin 2) with the squelch 
out (pin 29). 

To select a fiber optic cable for 


use between modems, first deter¬ 
mine the desired link length. If 
the distance is less than 100 me¬ 
ters the FOT110KG can be used 
with an all-plastic fiber such as 
Eska or DuPont PIFAX. The 
665nm visible red wavelength 
transmitter performance is excel¬ 
lent with plastic fiber and its visi¬ 
ble output makes optical trouble¬ 
shooting very easy. It can also be 
used with other cables to give 
links of over 2 kilometers. 

For applications requiring very 
long links without repeaters, the 
higher power FOT110KG-IR in¬ 
frared transmitter will have good 
performance with appropriate fi¬ 
bers to over 6 kilometers. Do not 
use the -IR transmitter with plas¬ 
tic fiber since the attenuation of 
most plastic fiber is so high in the 
infrared (880nm) that perfor¬ 
mance would be very poor despite 
its higher output power. 

Link lengths for a variety of fi¬ 
bers are shown in Table 2. These 
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IEEE-488-INTERFACE 

MAP-20IAC 


/Vtap-20 Series /Mnicfure 
20 Column /4phanumeric- 
Themnal Printers 


The Choice 
is Yours! 


11-40VDC OPERATION _ 
SERIAL. PARALLEL OR IEEE^»88 ► 

(CAST SHOWN OPTIONAL) 


220 Reservoir Street 
Needham Hgts.. MA 02194 
Tel. (617) 444-7000 Telex 92-2537 


All Models Feature: 

• Programmable controls • Built-in self test program 

• Weighs only 4.2 lbs. • Quiet inkless thermal printing 

• Simple OEM interface • Full 96 character print set 
Complete Microprocessor compatible 

interface electronics with power supply 


fflemodyne 

CORPORATION 

Subsidiary of Computer Products Inc. 
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TABLE 1 


NRZ BAUD RATE 

IC1 

C4 

0 to 9.6kB's 

741 

4700pF 

0 to 100kB^ 

NE530 

470pF 


Table 1: Values of 1C 1 and C4 and the 
NRZ baud rate. 

distances are calculated for both 
typical and worst-case perfor¬ 
mance specifications for the trans¬ 
mitter, receiver and (where possi¬ 
ble) for the fibers. If splices or 
connectors are added between 
modems the link lengths will be 
reduced. When buying fiber optic 
cables, a maximum attentuation 
specification at the system operat¬ 
ing wavelength should be negoti¬ 
ated with the cable manufacturer. 
Don’t place your system in jeop¬ 


TABLE 2 


MAXIMUM DISTANCE 

FIBER 

TRANSMITTER 

6.1 to 8.4km 

2 to 3.8km 

AM FOX 2010 
SIECOR 142 

FOT110KG-IR 
FOT110KG-IR 

1.7 to 3km 

ENSIGN-BICKFORD 

HC-310-TA 

FOT110KG 

1.1 to 2.3km 

MAXLIGHT 

MSC200A 

FOT110KG 


Table 2: Selection of cable will determine how far the modems will transmit. 


ardy by relying on “typicals”. 

Although a fiber optic system is 
capable of achieving very low er¬ 
ror rates (Figure 4) because of the 
optical fiber’s immunity to noise 
pickup, noise can still enter the 
system through the modem elec¬ 
tronics. Mounting the circuits in 
shielded metal housings and pro¬ 
viding RFI filtering on AC power 
lines will help preserve data integ¬ 
rity. Since this circuit’s power re¬ 
quirement is very low, a modular 


triple supply such as a Wall Indus¬ 
tries W15T100 can even power a 
secondary channel. Simply dupli¬ 
cate this circuit and use the RS- 
232 secondary input and output 
pins in the 25-pin D connector. 

Using these hybrid fiber optic 
data link components, a high 
quality optical modem can easily 
be built on a small PC board. 

Neil Albaugh , Burr-Brown 
Research Corp , Tucson , AZ. 


DCS/86 (16 bit) 

Multibus® 

Microcomputer 

System 

$6900 



MINICOMPUTER PERFORMANCE The DCS/86 is an industrial 
quality rack-mountable Multibus* compatible microcomputer system 
with the performance of a mini. The DCS/86 utilizes the Intel 8086 
16-bit microprocessor and has memory expansion to 1 megabyte 
with automatic error correction. A 64K byte system with CPM/86** 
software is $6900.00. 

HIGH RELIABILITY The DCS/86 is a compatible upgrade to the 
field proven DCS/80 which has been used for over two years in 
hundreds of demanding industrial applications. All electronics are 
subject to industrial "burn-in" at 55°C to insure long term reliability. 

SOFTWARE The DCS/86 has the most extensive array of software 
available for 16-bit microprocessors. CPM/86* * is a direct descendent 
of CPM/80* * utilized by the DCS/80 and over 200,000 micro¬ 
computers world wide. Optional software include MS-DOS* ** 

(DOS used on IBM personal computer), and M PM/86* *, XENIX*** 
(multi user, multi-tasking). High level languages include Fortran-77, 
Pascal, Basic, Cobol, PL/I (Subset G) and "C". 

HARDWARE OPTIONS A full range of peripherals including 
CDC Finch (8" Winchester, 24 megabytes), CDC Lark (8 megabytes 
fixed / 8 removable), Phoenix, ’/a" magnetic tape, etc. 

DCS/86 delivers minicomputer performance at microcomputer 
prices. 

•Multibus TM of Intel, **CPM, MPM TM of Digital Research 
* * * MS-DOS, XENIX TM of Microsoft 

Distributed Computer Systems 6i 1 899-6619 

223 Crescent Street, Waltham, Ma. 02154 Toll Free 1-800-225-4589 


NECOM ’82 
Boston 

Date: October 12, 1982 

Time: 1:00-7:00 P.M. 

Place: Boston Marriott, Commonwealth Ave. 
and Route 128 at Mass. Turnpike, Newton, MA. 


TAKE A LOOK AT TOMORROW — meet the industry 
giants as well as the innovators who’ll be tomorrow’s leaders. 

A single source computer show for OEM’s, sophisticated 
end users, dealers and distributors, Necom '82 features the 
industry’s newest developments in a one-day regional format. 

Featured will be the latest in computers, from minis to 
micros, graphics, peripherals, systems and software. You’re in 
good company at the industry’s only comprehensive one-day 
show with exhibitors representing IBM, CDC, Memorex, 
Qume, Versatec, DEC, Data General, HP, Shugart, Lexidata, 
Dataproducts and more. 

Keep in touch with a volatile industry. See tomorrow’s 
products ... today. 

For more information or invitations contact Norm De 
Nardi Enterprises, 289 S. San Antonio Rd., Suite 204, Los 
Altos, CA 94022, (415) 941-8440. 

COMING UP — a new, extended 
2-day show, COMPUSOURCE ’82, 
scheduled for December 8-9, 1982 at 
San Jose’s new Red Lion Inn. MARK 
YOUR CALENDAR NOW! 


t. 


NUN 


Norm De Nardi Enterprises 

289 S. San Antonio Rd., 
Suite 204, 

Los Altos. CA 94022 
(415) 941-8440. 
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COMPUTERS/SYSTEMS 


|ulP Development Systems: 
More Choices For The User 


by Dave Wilson 

Several different strategies have 
emerged in recent years from the 
vendors of jjlP development sys¬ 
tems. The semiconductor manufac¬ 
turers, such as Intel, Motorola, 
etc., have sought to support their 
own users as they migrate towards 
a greater level of functionality in 
their (jlPs. The instrument makers, 
such as Tektronix and Gould, have 
sought to cover a broader base of 
p.Ps from many different chip 
houses. A third slice of the busi¬ 
ness consists of independent soft¬ 
ware companies, such as Boston 
Systems Office, Boston, MA, who 
write translation programs running 
on general purpose minicomputers 
and mainframes. 

With the personal computer 
firmly entrenched in many engi¬ 
neering labs, some engineers are 
now using them for |jiP-based proj¬ 
ect development. For less software 
intensive applications, this is a very 
cost-effective route to take. The 
Gloucester Computer Bus Co., in 
MA, for example, supports the 
Commodore VIC-20 computer 
with a cartridge that provides 
EPROM programming, operating 
and emulating capability specifical¬ 
ly for that computer. 

Intel has recognized this section 
of the market and has designed a 
product (the Intel personal devel¬ 
opment system) at a price compa¬ 
rable with those of general purpose 
personal computers. 

One newcomer to the market 
that has not come from these more 
conventional sources is from Digi¬ 
tal Equipment. With the decision 
to sell p.Ps such as the T-ll, DEC 
has introduced support in the form 
of their MDT/T-11 development 
system. 


Product ranges will 
continue to broaden 
so the prospective 
buyer will have a 
wide variety of cost/ 
performance trade¬ 
offs to analyze and 
interpret before 
making his final de¬ 
cision. 


Design Steps 

The major steps for a jjlP design 
project are outlined in Figure 1. 

The product is first defined, and * 
the hardware and software assign¬ 
ments are divided. The hardware ^ 
team then begins an independent 
effort to design the prototype cir¬ 
cuitry. If the software program to 
be written is large, the software 
team may divide it up into mod¬ 
ules—code will be written for each 
module in high level and/or assem¬ 
bly language, using an editor to 
create source code files. A compil¬ 
er or assembler translates these 
files into object code and a linker/ 
loader then combines these object 
modules into object code execut- 4 
able by the prototype hardware. 
Finally, the code is ready to be in- 


Figure 1: Major steps in¬ 
volved in developing a ( jl P- 
based product. After prod¬ 
uct definition, the hardware 
and software assignments 
are assigned. If the software 
program is large , the soft¬ 
ware team may divide it up 
into modules and combine 
the modules into code ex¬ 
ecutable by the prototype 
hardware. The specific na¬ 
ture of the design aids will 
depend to a great extent on 
the design environment. 



* 
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• FULLY CONFIGURABLE— You format the trace and micro¬ 
code display in any way you wish; binary, hex or octal, with up to 
255 characters of display heading. And your set-ups can be 
stored on the EMULYZER’s™ optional Micro cassette, along with 
your microcode. 

• AND EASYTO USE— Menu driven, prompting displays means 
you can learn the system quickly, and then the system constantly 
refreshes your memory. Your standard CRT becomes your 
workstation, since you can use it for both your computer and the 


• FLEXIBLE EMULATION— Up to 240 bit wide micro-code 
words can be emulated with ease. 1 K,4K,and 16K deep writable 
control store modules are available in 16 bit wide increments, so 
you configure the system for your needs, i.e.; 1 K x 32, 32K x 64, 
4K x 48, and you can easily add, remove or reconfigure memory 
at any time your requirements change! 


• REAL TIME EMULATION— The EMULYZER™ allows you to 
emulate your PROM’s at full speed, no need to debug in anything 
but a real time environment. 


• THE INDUSTRY’S MOST POWERFUL ANALYZER- 

designed for the bit slice microprogram, the EMULYZER™ allows 
you to trace up to 4K x 80 bits of information. Breakpoints for 
address and data can be set, and with HI LEVEL TECH NOLOGY’s 
Unlimited Breakpoint" 1 and Selective Snapshot™, you have the 
flexibility you need to debug complicated microcode. 


EMULYZER™ 

• THE INDUSTRY LEADER-HILEVEL TECHNOLOGY has 
been delivering state-of-the-art development systems since 
1978, with customers nationwide and worldwide! Our extensive 
network of local representatives and distributors are available 
for onsite sales and support. 
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14661 Myford Road/Tustin, CA 92680 
(714) 731-9477 






















Development Systems 



Figure 2: A Universal Development System can support a large number of terminals for software development. 
--- * 


troduced to the prototype hard¬ 
ware. According to Tektronix, the 
actual hardware/software integra¬ 
tion often consumes up to 50% of 
the project’s labor time. 

After each round of debugging, 
the source code must be updated, 
reconverted to object code, linked 
and then loaded for further execu¬ 
tion in the prototype hardware. 

The specific nature of the design 
aids used will depend to a great ex¬ 
tent on the design environment. 

At the Eascon conference, Mi¬ 
chael Rooney of Boston Systems 
Office presented a paper that made 
some very pertinent comments 
about the choice of development 
systems. The choice of program¬ 
ming in assembly language or high 
level language depends on whether 
the program will be used in just 
one or two products or a large 
number. 


When the quantity being pro¬ 
duced is small, the time it takes to 
develop either the hardware or the 
software is a much higher percent¬ 
age of the total system cost than 
the price of the processor and its 
memory. This is especially true the 
more complicated the program and 
the larger the sale price of the com¬ 
pleted system. 

Alternatively, if the production 
run will be important then assem¬ 
bly language may be the choice to 
keep down the number of chips 
used. 

Universal Development 
Systems 

Universal development systems, 
typified in Figure 2 from Boston 
Systems Office, can support from 
one user to more than 100. The 
BSO line is based on high-speed 
16- or 32-bit computers from DEC. 


(Alternative systems may be based * 
on Data General’s computers.) 

With the advent of 16-bit ma¬ 
chines with larger address space, it 
seems evident that programs will 
be written in multiple modules, 
then joined into one complete pro- „ 
gram with a linker program. 

BSO provides ML1NK that has ♦ 
the capability to link an unlimited 
number of program modules. The 
final output of MLINK is a com¬ 
plete program in absolute object 
format. f 

The concept of increasing soft¬ 
ware productivity by moving soft¬ 
ware intensive activities away from 
the traditional MDS to a more 
powerful minicomputer, and leav¬ 
ing the MDS for system integration 
and final test, is also supported by 
Systems and Software Inc., e 
Downes Grove, IL and Virtual 
Systems, Walnut Creek, CA. 




</>>><-/> SOFTWARE HARDWARE 


^ r o^O° 


EMULATION 
WARE HARD 
ANALYSIS 


Host System 




Emulation 


Software 

Analyzer 


Hardware 

Analyzer 



Emulator 

Pod 


Figure 3: A number of plug-in boards allow the user to configure the HP64000 to solve his particular problem. 
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you approacn proDiems siep-Dy-siep. 
And that’s exactly what we’ve done. We’ve 
engineered a computer that talks your 
language. Working on your level, one step at 
a time. With the speed of a computer. 
p With a development system that starts 
with basic needs and expands as your 
needs expand. APPROACH is designed to 
be your machine. Talk your language. 
Understand everyday English. Whether 
you’re a seasoned computer user—or a 
novice—APPROACH is approachable. 


ror computer control applications, 
machine control, environmental control, 
laboratory testing. Even for home use. 
APPROACH can be a desk top system or 
hook into other terminals. It is fully STD Bus 
compatible. It’s quickly adaptable; you can 
define your needs as you go. 

APPROACH is so easy to approach, you 
can master the software within eight hours 
. . .operate any Micro-Link STD Bus card in 
an hour. 

APPROACH I with CP/M® . APPROACH 


ii witn a menu uuven custum package anu a 
user friendly interface; also designed to 
allow simple on-line card control. Two 5%" 
floppy disk drives, 400K to 1.6M bytes 
storage capacity, up to 40M Winchester 
also available. RAM/ROM memory to 256K, 
8085 or Z80 CPU, 4 channel US ART, 
8/16 slot card rack. All at a price you 
can afford. 

APPROACH. It can be your best approach 
to solving problems. 


Your approach to 
problem solving is 
what our APPROACH 

is all about. 


#■ 

* * 



; MICRO Q urn ) 


APPROACH 


624 S. Range Line Road • Carmel, Indiana 46032 


II 
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Package To Perform Real-Time Emula¬ 
tion Of 6 MHz Z80B 

Designed for Starplex and Starplex II development sys¬ 
tems, this 6MHz Z80B package from National Semicon¬ 
ductor, Santa Clara, CA supports program development 
and single-processor emulation. In the program devel¬ 
opment mode, the user is permitted to develop and de¬ 
bug his software in real time even when no prototype 
hardware is available. In the single-processor-emulation 
mode, the user’s hardware provides the actual clock 
signal, allowing the entire Z80B ISE package to operate 
at the actual clock rate of the user's prototype system. 
Included in the Z80B ISE package are the emulation 
board, lightweight plastic cable pod, cables, complete 
software, trace board, high-speed (55ns) 32 Kbytes 
mappable memory board and TTL status pod. 


New Emulators For Z80 & 8085 

The ZAX (Westminster, CA) Model ICD-178 In-Circuit 
emulators function as either stand-alone emulators for 
product development and production testing or as a 
lightweight portable tool for field service use. As a 
stand-alone device, the ICD-178 may be tied to a com¬ 
puter for downloading of development software. The 
ICD-178 features a full 64K of mappable memory for 
both the Z80 and the 8085 eliminating loss of develop¬ 
ment time caused by inadequate memory capacities. 
Another key feature of the ICD is it’s ability to patch 
software in symbolic code. For field applications, the 
ICD-178 can be connected to any communications de¬ 
vice that accepts an RS232C or 20mA current loop input. 


Basic 3 Interpreters Simplify Program 
Development 

A pair of ROM-based Basic 3 high level language inter¬ 
preters for use with Cosmac Microboard Computer De¬ 
velopment Systems (MCDS) are available from the 
RCA Solid State Division, NJ. The CDP18S841 Basic 3 
Interpreter is offered in two versions: the first is de¬ 
signed for an RCA MCDS equipped with a cassette 
tape drive; the second, called Run-Time Basic, 
CDP18S842, is intended for use in target systems com¬ 
prised of RCA Microboard modules. 


6809E Cross Assembler Released 

In keeping with it’s expanding support of Motorola pro¬ 
cessors, Millennium Systems has announced cross as¬ 
sembler support for the Motorola 6809 6809E (jlPs. The 
cross assembler is designed to run under CP M 2.2 and 
MP M 1.1 operating systems on the 9520 Software De¬ 
velopment System. It is compatible with all other Millen¬ 
nium cross assemblers and consistent with the manu¬ 
facturer’s instruction mneumonics. Millennium macro 
cross assemblers generate relocatable code, and are 
supplied with a linker. They are designed to run on Mil¬ 
lennium’s 9520 Software Development System as well 
as other Z80 CP/M and MP/M based systems providing 
systerin software/hardware support for 6809/6809E 
product development. Other CP M compatible cross as¬ 
semblers are available for Intel 8080 8085, 8048 family 
(absolute only), Motorola 6800/6802, 6801 6803, 6809/ 
6809E and Zilog Z80. 


Systems and Software's product 
line runs on DEC'S PDP-11 or 
VAX series; they provide support 
packages that include the REX-80/ 
86 real-time executive, PASCAL 
run-time support, and multiple 
processor extension-MPX. All run¬ 
time support packages are orga¬ 
nized as object libraries that are 
managed by the object-code librar¬ 
ian and are directly compatible 
with the linker. 

The REX-80/86 real-time execu¬ 
tive supports powerful real-time 
programming facilities including 
task synchronization, device inde¬ 
pendent operations, time based 
management and dynamic buffer 
management. REX-80/86 requires 
less then 4 Kbytes of code space 
and 256 bytes of RAM for oper¬ 
ations and is totally RAMable. 

Virtual Microsystems' product, 
INCOMM, allows data transfer be¬ 
tween PDP-11 and Intel MDS sys¬ 
tems via local cable or switched 
telephone networks using standard 
RS-232 communications. Programs 


may be assembled or compiled on 
the PDP-11 system, transmitting, 
via INCOMM, the resulting binary 
code for testing. Even source pro¬ 
grams written to Intel Fortran-77 
or PL/M language specs may be de¬ 
veloped and maintained on a PDP- 
11 system, and via INCOMM, 
downloaded to the Intel MDS for 
compilation, with the listings being 
uploaded for printing on the PDP- 
11 . 

INCOMM consists of two pro¬ 
grams. XFR operates on PDP-11 
systems under either RT-11 or 
RSX-11, while PDPCOM operates 
on the MDS 800 series II or III sys¬ 
tems under ISIS-11. XFR is deliv¬ 
ered in object format on diskette, 
RK05 disk pack or 9-track 800 bpi 
magnetic tape. PDPCOM is deliv¬ 
ered on either single or double 
density diskette media. 

Another package, recently an¬ 
nounced by Nicolet Scientific, 
Northvale, NJ, is a cross-assem¬ 
bler/loader for the Motorola 68000 
designed to run on the Data Gen¬ 


eral Eclipse. The package, that has 
already been used in the develop¬ 
ment of the Nicolet product line, is 
available on 9-track 800 bpi mag¬ 
netic tape. 

As the conventional mini and 
mainframe houses are now offering 
devices to the market, the IC 
houses are building devices with 
the comparative power of existing 
minis and mainframes. One of the 
latest and most powerful devices is 
the NS 16032 (jlP from National Se¬ 
miconductor. Since the company 
launched their new 16-bit range, 
they have introduced a range of 
software support packages to back 
it up. 

Latest of the bunch is the ISE/ 
16, an in circuit emulator that com¬ 
plements the software development 
and debug tools. ISE/16 has been 
designed to interface to a variety of 
software development hosts; it is 
provided with two RS232C serial 
ports and an IEEE-488 interface. 

When used with most standard 
host computers, interfacing is 
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Fast CMOS Arrays. Here’s the design tool 
you’ve been waiting for! The ISO 3/6 Fast 
CMOS Design Manual contains all you need 
to know to implement your digital designs on 
high performance gate arrays. Sections on 
technology, CMOS logic design, macrocells, 
placement, interconnect, testing, and pack¬ 
aging—all clearly written and illustrated— 
guide your engineering efforts. Design aids 
such as 200X layout sheets, macrocell plan¬ 
ning sheets, test planning sheets, and special 
interconnect tools—all developed by 1C ex¬ 
perts—enable you to design in an integrated 
circuit format. Evaluation samples allow you 
to characterize the technology using your own 
equipment. 


Start Today! The 227 Page ISO 3/6 Design 
Manual is priced at $69. and is available from 
stock. Order today and you can start design¬ 
ing new circuits or converting your old metal 
gate CMOS or TTL designs using modern Fast 
CMOS Arrays. You’ll choose from a family of 
arrays ranging from 360 to 1500 gates with 
propagation delays as low as Ins and toggle 
rates as high as 75MHz. Now is the time to 
reduce costs, save space, increase reliability, 
and lower consumption by employing gate ar¬ 
rays in your products. 

To order the ISO 3/6 Design Manual, write 
or call: UNIVERSAL SEMICONDUCTOR, INC., 
1925 Zanker Road, San Jose, CA 95112 
(408) 279-2830 


UNIVERSAL SEMICONDUCTOR INC. 
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Figure 4: Supporting DEC "s entry into the [X.P world, the MDE/T-11 will run up help 
menus to aid the user. 


achieved via the RS232C ports. 
Two configurations are possible. In 
the case of a host with an integral 
terminal, the typical configuration 
is via one RS232C port to a serial 
port on the host. In the case of a 
host with a remote terminal, the 
typical configuration is that of one 
port connected to the terminal and 
the other to the host. In this con¬ 
figuration, ISE/16 can become 
transparent under software control 
so that host-terminal communica¬ 
tion may be achieved. 

ISE/16 consists of three parts: 
the emulation support unit, the 
emulation pod and the external sta¬ 
tus pod. The emulation support 
unit houses the interface logic, the 
trace memory, emulation memory 
and breakpoint logic. The emula¬ 
tion pod unit, which connects to 
the support unit over a 4' twisted¬ 
pair cable, contains the NS 16032 
processor (CPU), the NS16201 tim¬ 
ing control unit (TCU), an optional 
NS 16082 memory management 


unit (MMU), EPROM-based code 
for ISE control, mapping logic and 
buffering. The emulation pod con¬ 
nects to the target via 12" twisted¬ 
pair cables that plug into the sock¬ 
ets for the CPU, TCU and MMU 
(optionally). The external status 
pod provides eight independent 
channels that can be.used as events 
to trigger the breakpoint and trace 
logic. 

Currently, ISE/16 is designed to 


operate with two specific hosts: 
National's STARPLEX II running 
the STARPLEX II operating sys¬ 
tem and Digital Equipment's VAX 
11 series running the VMS operat¬ 
ing system. 

All In One 

Some companies are now providing 
development tools that combine 
software development, emulation 
and analysis in an interactive sys- 
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G oing the ‘custom’ route in 
micro system design can be 
expensive in more ways than one. 

First, there’s the high cost of development— 
whether done outside or by people on your staff. 

Then there’s the loss in time-to-market 
for your product. By the time you get the first 
production unit in your hand, what you thought 
was a ‘red hot’ feature may not be so hot any¬ 
more. And while you’re waiting for delivery of 
your prototype boards, your competition, insen¬ 
sitive as it may seem, will be slowly chipping 
away at your market share. 


There is a better solution: The 

ModulasOne®micromodule family from 
Adaptive Science Corporation. This is a 
comprehensive set of microcomputer cards... 
all 4 V 2 ” by 6W\ all One-Bus compatible, and 
all off-the-shelf. So you can build your sys¬ 
tem without those high development costs 
and without delay. Choose from a menu of 28 
pc cards including 16-bit address MPUs, 


APU, static RAM, and digital interfaces etc.. 

For a complete description of 
ModulasOne modules, write or call us today 
for our free Microcomputer System Planner. 
It’s bound to increase your productivity! 

ModulasOne from 

Adaptive Science Corporation 

P.O. Box 8473, Emeryville, CA 94662-0473. 
Telephone 415-652-1805. 
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Now and then office noise 
levels can go sky-high. But with 
Silent/Scribe - our new family of 
matrix impact printers - you can rai 
your printer expectations while signifi¬ 
cantly lowering your office noise level. 

How quiet is “silent”? Silent/Scribe operates at 
less than 55 dBA, which means that in the average 
office you may have to look at it to determine 
s, lent,scr.be models whether ifs printing. 


Also standard are sophisticated communi¬ 
cations controls and protocols, flexible and 
easy-to-use operator controls, quick-change 
inuous loop ribbon cartridge, and universal 
interfaces that work with virtually any computer 
system. 

For full details on how Silent/Scribe can fit your 
application - quietly - contact Anadex today. You’ll 
find the units attractively packaged, quality en¬ 
gineered, modestly priced, and available now. 


Anadex silent^scrii 
Q uietly qoin 


our 


printers. 

business. 


Standard 


rco,u,pa / * 

o 

<y 


<y 


Printing Speed 10 

150 

150 

120 

120 

200 

(Char per Sec.) 12 

180 

180 

— 

— 

120 

125 

— 

— 

150 

150 

— 

133 

200 

200 

— 

— 

— 

15 

— 

— 

180 

180 

150 

164 

— 

— 

200 

200 

164 

Enhanced 10 

— 

— 

— 

— 

100 

Expanded Print 

(Double Width) 

Yes 

Yes 

Yes 

Yes 

Yes 

Dot Addressable 
Graphics (Dot/ln ,H/V) 


60(72 

75172 

75/72 

72/72 

Max. Line Width (In » 

80 

13.2 

8.0 

13.2 

13.2 

Audible Alarm 

Opt 

Opt. 

Opt 

Opt 

Yes 

Out-of-Paper Sense 

Yes 

Yes 

Yes 

Yes 

Yes 

Ribbon. Continuous 
Loop Cartridge (Yds) 

30 

30 

30 

30 

30 

Interlacing: 

Parallel Cent. Comp. 

Yes 

Yes 

Yes 

Yes 

Yes 

RS 232 C Serial 

Yes 

Yes 

Yes 

Yes 

Yes 


And Silent/Scribe 
is as easy to buy as it 
is to live with. You 
can select a variety 
of printing speeds, 
fonts and line widths. 
Some models pro¬ 
vide both draft and 
enhanced quality 
copy. A11 models 
have superb dot- 
addressable graphics 
at no extra cost. 


A Quality Circle Member 


Silent/Scribe. The Quiet Ones from Anadex. 



DP-9000A 


ANADEX, INC. • 9825 De Soto Avenue • Chatsworth, California 91311, U.S.A. • Telephone: (213) 998-8010 • TWX 910-494-2761 
U.S. Sales Offices: San Jose, CA (408) 247-3933 • Irvine, CA (714) 557-0457 •Schiller Park, IL (312) 671-1717 • Wakefield, MA (617) 245-9160 
Hauppauge, New York, Phone: (516) 435-0222 • Atlanta, Georgia, Phone: (404) 255-8006 • Austin, Texas, Phone: (512) 327-5250 
ANADEX, LTD. • Weaver House, Station Road • Hook, Basingstoke, Hants RG27 9JY, England • Tel: Hook (025672) 3401 • Telex: 858762 ANADEX G 
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tern. Such a system is the Hewlett- 
Packard HP64000, a product that 
the company has dubbed the Logic 
Development System. The stations 
accept a number of plug-in boards 
that may be configured by the user 
for his own particular application 
(Figure 3). 


For a software development or 
emulation station the user selects 
the appropriate hardware and soft¬ 
ware options. Having once confi¬ 
gured a system, it can be reconfi¬ 
gured for another function as the 
need arises. For team efforts, the 
stations may be configured into a 





Start Easy. The system is modular. For a 68000 development you can start with 
our Basic Development Unit (32 KB ot 100 ns SRAM), the In-Circuit Emulator (totally 
transparent 10 MHz, no wait states), and our 320 KB Dual Disk Unit, with your own 
keyboard and printer. All tor a palatable $10,195. 

With eight-bit processors, you can do it tor an incredible $7,195, and bit-slice 
systems start as low as $11,000. 


Grow as You Go. Add a Trace and Logic Analyzer Module; Memory Modules, 
up to 80 KB ot SRAM; and a Video Terminal, with our superlative screen editor. All ot 
these, plus our PASCAL compiler and a Printer, top out at $18,855, even for a 68000 
system. And only $13,460 to support an eight-bit processor, max! 


EZ-SOFT.™ Software support is complete. The Basic Development Unit has our 
DOS, PROM-resident monitor, powerful line editor, and disk formatter. Each emulator 
is provided with a relocating macroassembler, linking editor, and debugger. No 
extra cost. 


You’re in the Chips. Coming soon: the 8051, 
plus our Multiuser System. 

Write or call today. We'll rush our catalog, prices, 
and details of our Money Back Guarantee. 

American Automation, 14731 Franklin Avenue, Tustin, 
California 92680, (714)731-1661, 


leie 

A 


Telex II: 910 595-2670 AMAUTO TSTN 


american 

automation 


PROCESSORS SUPPORTED 

Z8001 16 BITS 68000 

Z8002 

8088/8086 

8 BITS 

2650 

6809E 

3870/2/4/6 

6809 

6502/12 

8080/85 

6503/4/5/6/7 

8035/39/48/49 

13/14/15 

Z80 

6800 

8X300 

6802/8 

8X305 

146805E-2 

NSC800 

All types of bit slice processors 


distributed processing system. 
Each station has a dedicated 16-bit 
processor; up to six stations can be 
combined on a single disk. 

The multistation system allows 
one designer to perform emulation 
at one station while a programmer 
debugs software at another. A 
third user could be optimizing per¬ 
formance using real-time, non-in- 
trusive software analysis. For the 
user with a large investment in an¬ 
other development system, mini¬ 
computers or a time sharing sys¬ 
tem, an RS232C interface and 
terminal mode software are pro¬ 
vided so that HP’s system can be 
added on. The user can retain his 
in-house development procedures 
and then download to the HP sys¬ 
tem for debugging, testing and 
PROM programming. 

As the project develops to the 
hardware/integration phase, the 
same station may be used for non- 
intrusive hardware and software 
analysis to test, debug and opti¬ 
mize performance under real-time 
operating conditions. 

Supporting the T-ll |xP, Digital 
Equipment Corp. has also adopted 
the approach of offering a very 
user-friendly development system 
(the MDE/T-11) that can provide 
the necessary hardware compo¬ 
nents for real-time application de¬ 
velopment: the DCT11-AA emula¬ 
tor, the memory simulator, and the 
state analyzer (Figure 4). 

Communication between the 
three hardware components is ac¬ 
complished in real-time by the sys¬ 
tem bus. which is a high-speed bus 
integral to the MDE/T-11 back¬ 
plane. Major development system 
components include a VAX/VMS 
host system, MDE/T-11 system 
hardware, and the target hardware 
in which the DCT11-AA jjlP and 
software are installed. The VAX/ 
VMS host system provides the en¬ 
vironment in which application 
programs are written, edited, as¬ 
sembled and linked. During these 
stages of DCT11-AA software de¬ 
velopment, no system hardware is 
involved except the console termi¬ 
nal and the LSI-11 system hard¬ 
ware operating as a virtual terminal 
connected to the host system. The 
host provides all file access for 
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300 BAUD is fine for the basics. 

But now you can get in the fast lane without getting expensive. 

Our engineers have come up with a pair of custom 
microprocessors, five LSI circuits and a small miracle: the 
212 Auto-Cat modem. 

And if you’ve looked around, you know the $695 price is 
part of the miracle. 

Four times the speed. Half the size. All of the right 
auto-dial/answer functions. 

Your dealer has them right now. No need to waste any 
more time. See him. 



‘Suggested retail price 


Novation 



TM 


the recognized leader in 
personal communications 


18664 Oxnard Street, Tarzana, California 91356 • Telephone: (800) 423-5419 and (213) 996-5060 
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Introducing the fastest, 
most precise 8 color plotter 
you can buy. Period. 


A spectacular value for under $6K. 




F or starters, we've put all 

eight pens on one carriage. 
That sounds like a simple, sensible 
idea yet, most similar plotters store 
their pens off to one side so 
every time there's a color 
change - everything 
stops. 

By contrast, we 
keep going at 20 inches 
per second and when you 
put that together with our 
“no stopping" fea¬ 
ture, we’ve got unbeat¬ 
able throughput. 

Plus, you’ll find 
precision comparable to 
far costlier plotters. Pen 
resolution good to within 
one one-thousandth of an 
inch. Plot on continuous feed 
paper, vellum or acetate over 
11” by 120 feet. 


A portable desktop unit 
packed with features. 

You can run dozens of entirely 
different plots automatically 
thanks to a built-in micro¬ 
computer that can be 
pre-programmed. 
Plus, we support 
most computer pro¬ 
tocols. Use the plotter 
on-line, off-line or 
remotely via RS 232C 
or IEEE 488 inter¬ 
faces. 

Standard 
firmware in¬ 
character, 
circle/arc and user- 
defined dot/dash generation 
for an endless variety of graphic rep¬ 
resentation. And we re metric too. 

Write 16 on Reader Inquiry Card 


Superb business 
graphics too. 

Here's something the rest of 
your company will like. Using the 
ZETA 8 plotter they’ll be able to 
turn out colorful business graphics. 
Put some punch in their presen¬ 
tations. Communicate marketing, 
financial or forecasting data in 
vivid color. 


ZC1A 


2300 Stanwell Drive 
Concord, California 94520 
TWX 910-481-5951 
Tel. 415-671-0600 
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MDE/T-11 software and applica¬ 
tion programs. 

* Team Effort 

Supporting up to eight worksta¬ 
tions for the team development ef¬ 
fort, Tektronix's 8560 Multi-User 
Software Development Unit has at 
its heart a minicomputer that runs 

* under the TNIX Operating System, 
a derivation of Bell Labs UNIX 

h Version 7. 

The 8560 includes a range of 
software design tools that includes 
assemblers and compilers for both 
8-bit and 16-bit devices, loader/ 
** linkers to combine object files into 
executable object codes and two 
types of editors including a screen 
oriented version, and a text pro¬ 
cessing package. 

Pascal computers with features 
such as structured constants, bit 
manipulation and re-entrant code 
► were recently also made available. 

* Ethernet Too 

It was almost inevitable that a com¬ 
pany with experience in both Eth¬ 
ernet and development systems 
would not fail to realize the impli¬ 
cations of bringing the two togeth- 
er to produce a system that would 
permit existing development sta¬ 
tions to become networks stations. 

To shorten development time 
(which may be particularly long in 
16-bit environments) several tasks 
must be handled concurrently, such 
H as compilation and source code 
editing. 

Intel's new NDS II system ( Digi- 
tal Design April, p. 94) may be 
connected to up to eight Intellec 
development stations to upgrade 
the systems for use as NDS II re¬ 
sources via the NDS II communica¬ 
tion board set. The two board set 
plugs into the Multibus chassis and 
provides the physical and data-link 

* network requirements. 

The Future 

The choice of a development sys¬ 
tem rests to a great extent on pre¬ 
sent board level design decisions 
and future product plans a com¬ 
pany is involved with. As the semi¬ 
conductor companies produce 
more complex devices, their own 


development stations may be the 
only tools immediately available 
for the designer to handle his soft¬ 
ware development. 

As the role of distributed pro¬ 
cessing becomes more evident, par¬ 
ticularly so in the area of graphics 
systems design, the designer will 


need tools to handle more than one 
|jlP; already some systems are 
available (such as the Emulogic 
product). Systems must become 
more user friendly with interactive 
display and help menus to aid the 
user and to cut down development 
time. □ 


The Battle of the Giants Goes On! 


ZX-86'Single Board Computer. 



Four ways we lick the Giant's 

86/05: 

• On Board Socket for 8087 
Numeric Data Processor. 

• Three SBX Expansion Connec¬ 
tors (to their two). 

• Two Serial Ports with Optional 
MK3884 SIO (to their one). 

• Multi-layer board design pro¬ 
vides ultra-low noise levels. 

The ZX-86 is an 8086 based single 

board computer which is fully soft¬ 


ware transparent to code written for 
the Intel *SBC-86/05.The ZX-86 offers 
additional features not found on the 
Intel boards including an on-board 
socket for an 8087 numeric data 
processor, three SBX connectors 
and two serial ports. The ZX-86 can 
be ordered with 5,8, or 10 MHz 
Processors thus providing higher 
performance, expandable and flex¬ 
ible solution for OEM applications. 

When we beat The Giant, you win. 



The other giant in the Multibus*market. 

6644 Sierra Lane, Dublin, CA 94568. (415) 828-3000.TWX 910 389 4009. 

Zendex products are available worldwide. Call or’I'WX for your local distributor. 
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HP’s micro-grip pa¬ 
per handling gives 
their new plotters 
the speed and reso¬ 
lution of flatbeds, 
but at lower cost < 
and compact size. t 


Micro-Grip Plotter 
Challenges Flatbeds 


In mid-July, Hewlett-Packard ex¬ 
panded its line of drafting plotters 
by introducing the model HP 
7585A for industry standards E! 
AO size drawings 36.5" by 46.8" 
(927 by 1189 mm). Designed 
around HP's micro-grip drive tech¬ 
nology, the new plotter features p.P 
control, high resolution, high re¬ 
peatability, 4g acceleration and 
speeds up to 24" per second. It can 


also turn out drawings as small as 
8" by 10.5". Priced at $22,750, the 
plotter should offer some serious 
competition to large flatbed plot¬ 
ters, not only in price but in high 
speed and compact size. 

New Drive System 

In the past, conventional plotters 
have been based on either heavy 
moving arms to transport the pen. 


or drums and belts to transport the 
paper. To avoid the high inertia in- ^ 
trinsic to these designs, HP design¬ 
ers developed the micro-grip drive. 

Micro-grip is based on the princi¬ 
ple of moving the drawing medium 
in one direction (the X-axis), while 
the drawing pen travels in the sec¬ 
ond direction (the Y-axis). This by 
itself is nothing new, since the ear- 4 
liest chart recorders also were 
based on this principle, but they re¬ 
quired sprocket holes and mecha¬ 
nisms to drive the paper. 

HP's micro-grip plotter trans¬ 
ports the drawing medium, rather 
than attempt to move the underly- * 
ing platen or bed upon which the 
drawing medium rests (which is 
how drum and belt-drive plotters 
operated). Micro-grip moves a sin¬ 
gle sheet of the drawing medium 
only. v 

Because a micro-grip-based plot¬ 
ter such as the HP 7585A must 
overcome only the mass of a single 
sheet of paper, it has better con¬ 
trol, faster speed, and higher accel¬ 
eration. What this means is that 
less power is required to produce a 
plot, and fewer control problems 
are encountered in dealing with in¬ 
ertia and momentum. 

The micro-grip drive consists of 
a series of rotating metal grip 
wheels underneath the gull-shaped 
plotter bed, two of which secure 
each side of the drawing medium 
firmly against a hard-rubber pinch 
wheel when the plotter is instruct¬ 
ed to hold the plot. 

The surface of the grit wheel it¬ 
self is coated with a layer of alumi¬ 
num oxide containing the micro¬ 
sharp edges of grit particles. These 
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Only 4 controls 

Joystick required to 

user control operate plotter 


Optical and 
Magnetic Sensors 
Automatically 
Measure Paper 
Size 


Internal Microprocessor- 
Controlled Intelligence 

• Vector generation 

• Arc & circle generation 

• 6 character-sets (2 fonts each) 

• Full rotation of all characters 

• 90" rotation of plots 

• "Scaling” ability 

• Over 60 HP-GL commands 

• Dashed-line generation 


Remaining 
18 control 
— keys override 
automatic 
settings 


Plotter 
status 
readout 
(pen #, speed, 
and force) 


Dynamic 

Front-Panel 

Controls 


Programmed 
Selection of 
Up to 8 Pens 


Automatic capping 
readies pens 


Micro-Grip 
Drive System 


Grit 

wheel 


Variable 
writing force 


Variable Pen axis 
pen speed 




iiiiiimmmmiu 

Paper held firmly by gentle vacuum system 


"Gull-wing’’ 
platen keeps 
paper in 
writing plane 


Grooved pen 
axis cushions 
pen movement 
for longer life 


particles indent the surface of the 
plotting paper at thousands of 
points along the edges as the paper 
is first passed through the plotter. 

Each time the paper makes a 
pass through the plotter, thousands 
of microscopic indentations, un¬ 
seen by the naked eye, realign 
themselves with the same grit 
particles that created them. In 
this way, regardless of how many 
times the plotting medium passes 
through the plotter, a micro-grip 
registration pattern ensures ex¬ 
cellent repeatability and graphic 
quality. 

Simplified Plotting 

The graphics-performance capabili¬ 
ties of the HP 7585A enable it to 
perform complex plots with a mini¬ 
mum of programming. To draw a 
vector, one need define only the 
end-points, and the plotter auto¬ 
matically joins them with a line. 
Circles and arcs are drawn by 
merely inputting the radius and 


Figure I: In addition to micro-grip 
drive, the HP 75$5A drafting plotter 
features internal \xP control, optical and 
magnetic sensors for paper measure¬ 
ment, and programmed pen selection. 


starting position. 

To distinguish between different 
plot data, a user can specify up to 
seven different internally stored 
line types: solid, dotted, dashed, 
and combinations of dot and dash. 
The plotter's |xP automatically scales 
each line pattern between vector 
end-points to provide uniform line- 
style appearance and output qual¬ 
ity. 

To label a finished plot, a user 
may choose from six resident char¬ 
acter sets (English, French, Ger¬ 
man, Spanish, Scandinavian and 
special symbols) in either of two 
different font styles—stick-figure 
or a Leroy-like, arc-based font. 
Text can be tailored to a particular 
plot by defining character size. 


slant, spacing and direction. 

Pens are selected individually 
under program control from an 8- 
pen carousel and then returned and 
capped automatically after each 
use. A pen carousel can hold up to 
eight pens of varying colors and 
line widths. The drawing medium 
used on the HP 7585A can be pa¬ 
per, vellum or polyester film. To 
accommodate differences in plot¬ 
ting media, a user may select from 
an assortment of pen types: fiber- 
tip, liquid-ink or rollerball. Pen 
force and velocity are set automati¬ 
cally for each pen type. 

The plotter readily accommo¬ 
dates industry media sizes from E/ 
AO to A/A4. pP-controlled, edge¬ 
sensing system automatically sets 
plot limits to allow scaling of plot 
data to fit the sheet exactly. 

Easy Interface 

Offering industry-standard inter¬ 
faces and communications proto¬ 
cols, the HP 7585A operates with 
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User- 

addressable 

point 



User- 

addressable 

point 


User- 

addressable 

point 



resolution) 


HP or non-HP personal computers, 
desktop computers, minicomput¬ 
ers, mainframes and graphics-ter¬ 
minal systems. Support for most 
existing plotter software is pro¬ 
vided through HP's industry-stan¬ 
dard plotting package. Communi¬ 
cations with the HP 7585A are 
achieved through either an HP-1B 
(IEEE 488) or RS-232-C/CCITT 
V.24 interface. 

High Resolution 

The HP 7585A has an addressable 
resolution of 0.001" (0.025 mm), a 
mechanical resolution of 0.00012" 
(0.003 mm), and a repeatability of 
0.002" (0.05 mm). 

This can be understood by com¬ 
parison with other plotters. For ex¬ 
ample, one with both an addressa¬ 
ble and a mechanical resolution of 
I/hhx” (0.025mm) will plot lines that 


can appear jagged, especially in di¬ 
agonal directions (Figure 2). The 
HP 7585A on the other hand, al¬ 
though addressable to Vum" (25 
microns), has the ability to draw 
increments as small as ’/soon" (3 mi¬ 
crons). This means it can approxi¬ 
mate more closely the ideal path 
between two addressable points, 
resulting in plots that are smoother 
to the eye. 

The HP 7585A uses single sheets 
of plotting media. When loading 
the plotter, the user slides the pa¬ 
per between the platen and Y-axis 
carriage, positions it against two 
left-hand stops, slides the right- 
hand pinch wheel over the right 
edge of the paper and presses the 
chart-hold key. With this instruc¬ 
tion, the plotter lowers the two 
rubber pinch wheels, one on each 
edge, to hold the paper firmly 


Figure 2: The HP 7585A's ability to 
draw increments as small as l /mw (3 
microns) allows it to approximate more 
closely the ideal path between two * 
addressable points. 


against the surface of the micro- 
grip drive wheels. 

To initiate a plot, the remote key 
is pushed to ready the plotter to ac¬ 
cept instructions from the comput¬ 
er. Before the plot begins, the * 
length of the paper is measured by 
a pair of optical sensors, while a 
magnetic sensor that rides with the 
right-hand pinch wheel determines 
the width of the paper. In this way, 
sheet dimensions are recorded be- ^ 
fore plotting begins. 

The pen moves along the Y-axis 
over the full width of the paper; its 
pen transport has very little inertia 
to overcome during the course of a 
plot because only one pen is moved 
at a time. To plot along the X-axis, 
the paper is transported back and 
forth via the low-inertia micro-grip 
drive wheels. To provide a uniform 
writing surface, the paper is made 
to conform to a “gull-wing" confi¬ 
gured platen directly under the pen 
axis by means of a slight airflow 
vacuum. * 

An important feature believed to 
be exclusive to the HP 7585A is 
that its speed and acceleration are 
controlled by the |jlP independent 
of writing direction. The plotter 
can be set to a maximum speed for 
a given drawing surface and pen 
type and will not exceed that speed 
even when drawing diagonal lines. 
Plotters without this feature re¬ 
quire program “work arounds" to 
maintain uniform speed and plot 
quality. For optimum throughput, 4 
pen-up movements always are con¬ 
ducted at maximum speed. 

Competing with plotters selling 
for $15,000 to $20,000 more, the 
HP 7585A is expected to fill a defi¬ 
nite need for a low-cost, high-reso¬ 
lution plotter. It appears to be suit- * 
ed to many CAD/CAM systems for 
mechanical and electrical/electronic 
industries. The price should also 
make it useful for architectural and 
civil engineering applications as 
well as mapping where the larger 
size drawings are most important. 
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Do You Know Anyone 
Who Won’t Be 
At COMDEX This Ri ll? 

The Las Veaas Convention Center 
Las Vegas, Nevada 
November 29-December 2, 1982 


New products...new technologies...new 
ideas...new business for you! 

Why take the gamble that industry communi¬ 
cations will keep you up-to-date on what’s 
new, when you can see it all in one place at 
one time. Everyone else will be there...you 
should be, too! 

At COMDEX/FALL ’82. presented by THE 
INTERFACE GROUP, the World’s largest 
producer of computer shows, you can see -- 
in days — what would otherwise take you 
months to see on your own 

The only true shows. COMDEX has consis¬ 
tently set exhibitor and attendee records year 
after year. This year’s COMDEX/FALL will be 
the largest ever! 

See almost 1.000 manufacturers and sup¬ 
pliers of computer and computer-related 
products! And attend the specially designed 
series of COMDEX-exclusive seminars and 
programs, constructed to meet the needs of 
today’s competitive ISO environment... 
there’s something for everyone 1 

Your customers insist on the latest In this 
industry, ‘the latest’ changes almost daily. 

That’s why its important that you attend 
COMDEX this fall to meet the people who 
understand your business as well as you do' 

COMDEX makes it easy We bring all the 
latest technology and products together, in a 
true business environment, created to form 
and maintain business relationships 
To make plans to attend, call us today at 
(617) 879-4502 

for information and reservations 

COlffiDil/FALL. 

Where The Computer Industry 
Does Business 
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COMPUTERS/SYSTEMS 


Designers’ Guide To 
The IEEE-696 Bus 


Once a hobbyist 
bus, the S-100 has 
matured into the 
IEEE-696 standard. 


by Paul Snigier, 

Contributing Editor 

In late 1979, the S-l(X) bus (now 
IEEE-696), supported by underca¬ 
pitalized cottage businesses selling 
to the cost-conscious hobbyist mar¬ 
ket, was the most popular bus 
around, but also one with a bleak 
future. Industry prognosticators 
predicted a gradual decline of the 
S-100. But, in late 1980, the bus 
entered a period of unexpected 
growth that saw some firms report¬ 
ing a fourfold growth in S-100 com¬ 
patible products. In this article, we 
will examine the reasons for this 
rapid growth, the bus’ future and 


its engineering design aspects. To 
understand the present situation, it 
is necessary to understand the bus’ 
history. 

An Unexpected Standard 

Never intended to be a standard, 
the S-100 bus grew into an over¬ 
night de facto standard within the 
early hobby microcomputer field. 
The S-100 succeeded because it 
filled a vacuum in a specific period 
of time. Ed Roberts, president of 
MITS, introduced the S-100 bus in 
early 1975 on the 8080-based Al- 
tair. IMSAI and Cromemco adopt¬ 
ed the S-100, as did other hobbyist 
firms, with the notable exception 


of Commodore's PEI (which inter¬ 
faced over the GPIB). Being the 
first major bus on the block, S-100 
was certain to have problems. 

The S-100 was designed with no 
expectation of the enormous suc¬ 
cess that the bus accomplished. 
MITS provided no formal descrip¬ 
tion of signal levels and timing, let¬ 
ting Intel's 8080 specs handle the 
signal definition. Pinouts were left 
unassigned, allowing other firms to 
customize the bus. Most S-100 
compatible cards, peripherals and 
computers were anything but, and 
in the resulting confusion and 
blame throwing, the S-100 quickly 
created ill will. 



GENERAL DIMENSIONS 


COMPONENT CLEARANCE- 
TOP VIEW 


740 MIN 


0.005 MAX. MISALIGNMENT OF 
CARD GUIDES RELATIVE TO 
CONNECTOR CENTER LINE 


Figure 1: Boards conform 
to these boardsize specs. 
The edge connector pin 
labelled is pin 50, while 
pin 100 opposes it on the 
opposite (back) side of 
the board. Total board 
depth cannot exceed 
0.65". The board itself is 
0.062 " notn. By way of 
comparison, the 696's 10" 
by 5.125" dimensions are 
slightly smaller than the 
Multibus cards 12” by 
6.45". 


0.75 NOMINAL 


BACKPLANE DIMENSIONS 
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Figure 2: The 696's eight signal lines 
carry all information or messages. 
These include eight signal lines: 16 or 24 
address; 16 data; 8 status , 5 output , and 
6 input control; 8 direct memory access 
(DMA) control; 8 vectored-interrupt; 
and 20 utility lines. Their pin numbers , 
signals!types, active levels and descrip¬ 
tions are as listed here. 


By 1980 it looked like a show¬ 
down between Intel’s Multibus and 
the S-100. It didn’t look good for 
the S-100. Major board makers had 
adopted Multibus. Few large firms 
backed the S-100 and many of the 
minor firms that used the S-100 
had cash flow problems due to 
poor management skills that saw 
them underpricing products. As for 
the IC manufacturers, not one had 
adopted the S-100. There were 
good reasons. Multibus (designed 
for the now-ancient Intellec line) 
offered more although it was ex¬ 
pensive. It was designed for an in¬ 
dustrial market, whereas the S-100 
was targeted for hobbyists. At first 
the hobbyist market grew explo¬ 
sively, while the industrial market 
did pot. Once the situation re¬ 
versed, and things normalized, de¬ 
signers preferred a more profes¬ 
sional bus (particularly with the 
leading p,P maker, Intel, and oth¬ 
ers like National firmly committed 
to it). S-100's champions were 
Thinker Toys, Parasitic Engineer¬ 
ing, SLAC, and lesser, now for¬ 
gotten and bankrupt “lemonade 
stand” OEM firms. These OEMs 
sold low cost products to a cost- 
conscious market. 

As p,P usage grew, S-100 prob¬ 
lems (once tolerated) cost the S- 
100 a loss in acceptance for the 
higher-end applications. Problems 
included varying timing relation¬ 
ships, poor line termination, multi¬ 
ple returns, bus length, crosstalk, 
noise and unregulated DC on the 
backplane. 

The S-100 renaissance in 1980 
and 1981 occurred for several rea¬ 
sons. First, the explosive growth of 
pP-based products had an effect. 
Since many of these applications 
are in cost-driven markets, a Multi¬ 
bus product may lose out. In 1980- 
81, some firms reported a threefold 
growth in the S-100 market. Sec¬ 
ond, the S-100 had (and has) one 


PIN 

SIGNAL 

ACTIVE 

DESCRIPTION 

NO. 

& TYPE 

LEVEL 



+ 8V (B) 

1 

Instantaneous minimum greater than 7V. instanta¬ 
neous maximum less than 25V. average maximum 
less than 11V. 

2 

+ 16V (B) 


Instantaneous minimum greater than 14.5V. instanta¬ 
neous maximum less than 35V. average maximum 
less than 21.5V. 

3 

XRDY (S) 

H 

One of two ready inputs to the current bus master. 

The bus is ready when both these ready inputs are 
true. (See pin 72.) 

4 

VIO* (S) 

LO C 

Vectored interrupt line 0. 

5 

vir (S) 

LO C 

Vectored interrupt line 1. 

6 

VI2* (S) 

LO C 

Vectored interrupt line 2. 

7 

VI3* (S) 

LO C 

Vectored interrupt line 3. 

8 

VI4* (S) 

LO C 

Vectored interrupt line 4. 

9 

VI5* (S) 

LO C 

Vectored interrupt line 5. 

10 

VI6* (S) 

LO C 

Vectored interrupt line 6. 

11 

VI7* (S) 

LO C 

Vectored interrupt line 7. 

12 

NMT (S) 

LO C 

Nonmaskable interrupt. 

13 

PWRFAIL’(B) 

L 

Power-fail bus signal. 

14 

DMA3* (M) 

LO C 

Temporary-master priority bit 3. 

15 

A18 (M) 

H 

Extended address bit 18. 

16 

A16 (M) 

H 

Extended address bit 16. 

17 

A17 (M) 

H 

Extended address bit 17. 

18 

SDSB* (M) 

LO C 

The control signal to disable 8 status signals. 

19 

CDSB* (M) 

LO C 

The control signal to disable 5 control output signals. 

20 

GND (B) 


Common with pin 100 

21 

NDEF 


Not to be defined. Manufacturer must specify any use 
in detail. 

22 

ADSB* (M) 

LO C 

The control signal to disable the 16 address signals. 

23 

DODSB’ (M) 

LO C 

The control signal to disable the eight data-output 
signals. 

24 


H 

The master timing signal for the bus. 

25 

pSTVAL* (M) 

L 

Status-valid strobe. 

26 

pHLDA (M) 

H 

A control signal used in conjunction with HOLD* to co¬ 
ordinate bus-master transfer operations. 

27 

RFU 


Reserved for future use. 

28 

RFU 


Reserved for future use. 

29 

A5 (M) 

H 

Address bit 5. 

30 

A4 (M) 

H 

Address bit 4. 

31 

A3 (M) 

H 

Address bit 3. 

32 

A15 (M) 

H 

Address bit 15 (most significant for nonextended 
addressing). 

33 

A12 (M) 

H 

Address bit 12. 

34 

35 

A9 (M) 

DOI (M)DATAI 

H 

Address bit 9. 

36 

(MS) 

DOO (M) DATA0 

H 

Data-out bit 1, bidirectional data bit 1. 


(M/S) 

H 

Data-out bit 0. bidirectional data bit 0. 

37 

38 

A10 (M) 

D04 (M) DATA4 

H 

Address bit 10. 

39 

(M/S) 

D05 (M)DATA5 

H 

Data-out bit 4. bidirectional data bit 4. 

40 

(MS) 

D06 (M)/DATA6 

H 

Data-out bit 5, bidirectional data bit 5. 

41 

(M/S) 

DI2 (S) DATA10 

H 

Data-out bit 6. bidirectional data bit 6. 

42 

(M/S) 

DI3 (S)DATA11 

H 

Data-in bit 2. bidirectional data bit 10. 

43 

(M/S) 

D17 (S) DATA15 

H 

Data-in bit 3, bidirectional data bit 11. 


(M/S) 

H 

Data-in bit 7. bidirectional data bit 15. 

44 

sMI (M) 

H 

The status signal indicating that the current cycle is an 
opcode fetch. 

45 

sOUT(M) 

H 

The status signal identifying the data-transfer bus cy¬ 
cle to an output device. 

46 

sINP (M) 

H 

The status signal identifying the data-transfer bus cy¬ 
cle from an input device. 

47 

sMEMR (M) 

H 

The status signal identifying bus cycles that transfer 
data from memory to a bus master, which are not in- 
terrupt-acknowledge instruction-fetch cycles. 

48 

sHLTA (M) 

H 

The status signal that acknowledges execution of a 

HLT instruction. 

49 

CLOCK(B) 


2-MHz (0.5%) 40 to 60% duty cycle. Needn’t be syn¬ 
chronous with any other bus signal. 

50 

GND (B) 


Common with pin 100. 

51 

+ 8V (B) 


Common with pin 1. . 

52 

- 16V (B) 


Instantaneous maximum less than - 14.5V. instanta¬ 
neous minimum greater than 35V. average mini¬ 
mum greater than 21.5V. 

Common with pin 100 
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PIN 

SIGNAL 

ACTIVE 

DESCRIPTION 

NO. 

& TYPE 

LEVEL 


53 

54 

GND (B) 

SLAVE CLR* 

(B) 

LO C 

A reset signal to reset bus slaves. Must be active with 

55 

DMAO* (M) 

LO C 

POC* and can also be generated by external means. 
Temporary-master priority bit 0. 

56 

DMA1* (M) 

LO C 

Temporary-master priority bit 1. 

57 

DMA2* (M) 

LO C 

Temporary-master priority bit 2. 

58 

sXTRO* (M) 

L 

The status signal that requests 16-bit slaves to assert 

59 

A19 (M) 

H 

SIXTN* 

Extended-address bit 19. 

60 

SIXTN* (S) 

LO C 

The signal generated by 16-bit slaves in response to 

61 

A20 (M) 

H 

the 16-bit request signal sXTRO*. 

Extended-address bit 20. 

62 

A21 (M) 

H 

Extended-address bit 21. 

63 

A22 (M) 

H 

Extended-address bit 22. 

64 

A23 (M) 

H 

Extended address bit 23. 

65 

NDEF 


Not to be defined. 

66 

NDEF 


Not to be defined 

67 

PHANTOM* (M 

S) 

LO C 

A bus signal that disables normal slave devices and 

68 

MWRT (B) 

H 

enables phantom slaves—primarily used for boot¬ 
strapping systems without hardware front panels. 
pWR*-sOUT (logic equation). This signal must follow 

69 

RFU 


pWR* by not more than 30 nsec. 

Reserved for future use. 

70 

GND (B) 


Common with pin 100. 

71 

RFU 


Reserved for future use. 

72 

RDY (S) 

HOC 

See comments for pin 3. 

73 

INT* (S) 

LO C 

The primary interrupt-request bus signal. 

74 

HOLD* (M) 

LO C 

The control signal used in conjunction with pHLDA to 

75 

RESET* (B) 

LO C 

coordinate bus-master transfer operations 

The reset signal to reset bus-master devices. It must 

76 

pSYNC (M) 

H 

be active with POC* and can also be generated 
externally. 

The control signal identifying BS^ 

77 

pWR* (M) 

L 

The control signal signifying the presence of valid data 

78 

pDBIN (M) 

H 

on DO bus or data bus. 

The control signal that requests data on the Dl bus or 

79 

A0 (M) 

H 

data or data bus from the currently addressed slave. 
Address bit 0 (least significant). 

80 

A1 (M) 

H 

Address bit 1. 

81 

A2 (M) 

H 

Address bit 2. 

82 

A6 (M) 

H 

Address bit 6. 

83 

A7 (M) 

H 

Address bit 7. 

84 

A8 (M) 

H 

Address bit 8. 

85 

A13 (M) 

H 

Address bit 13. 

86 

A14 (M) 

H 

Address bit 14. 

87 

All (M) 

H 

Address bit 11. 

88 

D02 (M)/DATA2 
(MS) 

H 

Data-out bit 2. bidirectional data bit 2. 

89 

D03 (M)/DATA3 
(M/S) 

H 

Data-out bit 3, bidirectional data bit 3. 

90 

D07 (M),DATA7 
(M/S) 

H 

Data-out bit 7 bidirectional data bit 7. 

91 

DI4 (S)/DATA12 
(M/S) 

H 

Data-in bit 4 and bidirectional data bit 12. 

92 

DI5 (S)/DATA13 
(M/S) 

H 

Data-in bit 5 and bidirectional data bit 13. 

93 

DI6 (S)/DATA14 
(M/S) 

H 

Data-in bit 6 and bidirectional data bit 14. 

94 

Dll (S)/DATA 9 
(M/S) 

H 

Data-in bit 1 and bidirectional data bit 9. 

95 

DIO (S)/DATA8 
(M/S) 

H 

Data-in bit 0 (least significant for 8-bit data) and bidir¬ 

96 

sINTA (M) 

H 

ectional data bit 8. 

The status signal identifying the bus input cycle(s) that 

97 

sWO* (M) 

L 

can follow an accepted interrupt request presented on 
INT* 

The status signal identifying a bus cycle that transfers 

98 

ERROR* (S) 

LOC 

data from a bus master to a slave. 

The bus-status signifying an error condition during 

99 

POC* (B) 

L 

current bus cycle. 

The power-on clear signal for all bus devices; when it 

100 

GND (B) 


goes LOW. it must stay LOW for at least 10 msec. 
System ground. 


of the most widely installed com¬ 
puter system bases in existence. 
Over 120 firms provide S-100 com¬ 
patible boards, and over thirty 
8-bit and 16-bit CPU’s of signifi¬ 
cance are available. Third, the new 
IEEE-696 Standard Committee’s 
S-100 standard, introduced last 
year after two years of preparation, 
was delayed by changes, such as 
handling the 16-bit pP’s and multi¬ 
processing. Though delayed, it is 
finally having a strong positive im¬ 
pact. The standard also did not ob¬ 
solete most pre-standard S-100 
products. S-100 board makers are 
now offering boards that are jump¬ 
er-compatible with existing pre¬ 
standard S-100 boards and systems. 
Due to this, OEMs feel safer using 
the S-100. 

Indirect Competitors 

The S-100 and Multibus are not di¬ 
rect competitors. Physically, the 
two boards are different in size: 10 
x 5.55" packed on 0.75" centers or 
spacing for the S-100, and 12 x 
6.75" packed on 0.6" centers for the 
Multibus. 

The S-100 connector pin spacing 
is 0.125"; Multibus, 0.156". The S~- 
100 signals appear on one 100-pin 
dual readout card-edge connector; 
Multibus, 86 pins, plus an optional 
60-pin auxiliary connector. Incom¬ 
patibility extends to bus arbitra¬ 
tion, power distribution and load¬ 
ing among other items. Only in the 
loosest sense of being targeted at 
many of the same applications are 
they competing. The choices be¬ 
tween the two are easy to make, 
due to these differences. 

Mechanical Specifications 

At 10" (W) x 5.3"(H) x 0.062"(T), 
the typical S-100 board connects to 
a so called “motherboard” (really a 
backplane) through an offset 100- 
pin edge connector, so that reverse 
board re-insertion is impossible. 
Pins 1-50 are on the component 
side, from left to right (looking to¬ 
wards the edge connector edge¬ 
wise). It is offset to the left. 

To reduce crosstalk and noise, 
ground traces are interleaved be¬ 
tween signal traces. To eliminate 
ringing, signal lines have termina- 
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CPU Board Uses 8086/8087 


An 8086/8087 fiP board providing 16-bit capability with 
provisions for adding a mathematics co-processor and op¬ 
erating system firmware has been introduced by Compu- 
Pro, Oakland Airport, CA. 

Compatible with IEEE 696/S-100 standards, CPU 86/87 
is available in either 8- or 10-MHz |xP versions. Accommo¬ 
dating 8- or 16-bit words, its on-board logic can read or 
write two bytes serially for 8-bit applications, or pass 
world-wide values for 16-bit operation. As a result, users 
can mix 8- and 16-bit devices in the same system. 

In addition, CompuPro’s new board accepts Intel’s 8087 
math processor and 80130 operating system firmware. 
The math processor offers a high-speed number crunching 
capability, while the firmware adds an 8-level vectored in¬ 
terrupt controller, three interval timers, and a choice of sili¬ 
con-based operating systems: the iRMX-86 kernel or CP/ 
M-86. 

A clock-switching circuit permits slave processors to 
share a bus with the board, thereby eliminating bus con¬ 



flicts by running the slave and the master at different clock 
rates. 

Suggested retail price is $695 for the 8-MHz and $850 
for the 10-MHz version. OEM pricing is available. 


* 


* 


% 




J 


tion circuitry to keep the uncon¬ 
nected lines high, as well as to stop 
multiple reflections from improper¬ 
ly terminated lines (due to imped¬ 
ance mismatching). Board thick¬ 
ness is 0.062" (nom.); component 
height clearance, 0.500" (max.); 
and component clearance, 0.125" 
(max). The edge connector is 
6.375/6.365" wide by 0.300/0.325" 
deep. Pin 51 opposes pin 1 on the 
opposite, trace (solder) side of the 
board. 

Eight 696 Signals Groups 

As the GP1B/488 has talker and lis¬ 
tener devices, (covered in the June 
and August issues) the S-100’s 
equivalent is the bus masters and 
slaves. A permanent bus master, 
contained in all S-100 systems, pro¬ 
vides key signals. A temporary bus 
master may request to take over 
the bus; if the permanent master 
grants control, this specific tempo¬ 
rary bus master completes its task 
and passes control back. The trans¬ 
fer process is not simple, and there 
are a maximum of 16 temporary 
bus masters. Slaves (such as I/O in¬ 
terfaces, memory boards and so 
on) receive/transmit data from/to 
the master. 

The eight bus signal groups in¬ 
clude: 16 or 24 address lines, eight 
status lines, five output control 
lines, six input control lines, eight 


Unexpectedly suc¬ 
cessful, the S-100 
bus is gaining still 
wider acceptance, 
thanks in part to 
standardization. 


TMA (DMA) control lines, eight 
vectored-interrupt lines and 20 util¬ 
ity lines. 

The address bus (AO-23) ad¬ 
dresses memory and I/O devices. 
It is used to select a specific 
slave. With the pre-696 bus, direct¬ 
ly addressable memory was 64 
Kbytes, as only 16 address lines ex¬ 
isted (A0-15). The 696 can address 
16 Mbytes. Unlike pre-696 S-100, 
which addressed 256 I/O ports (A0- 
7), 696 address 64K ports (A0-15). 

Only the current bus master ad¬ 
dresses anything. A temporary 
master used AO-23; a permanent 
master A0-15. 

The data bus operates in either 


of two modes: for 8- or 16-bit data 
transfers. If it is an 8-bit transfer, 
two unidirectional buses exist 
(DOO-7 and DIO-7) where DO/DI 
respectively signify data output and 
input, which is defined relative to 
the current master to slave data 
flow direction. The DO bus floats 
on the permanent master when line ? 
23, DODSB or Data Out DiSaBle, 
is taken LOW. 

Mixing 16- and 8-bit data trans- * 
fers in the same system is possible 
by control lines 58 and 60. Ganging 
the two buses permits bidirectional 
data flow, permitting the use of 16- 
bit |xPs. 

The status lines let all devices 
determine the bus state. These 
include memory read and writes, 

I/O, interrupt and halt acknowl¬ 
edges, data transfer request and 
op-code fetch. 

The control output bus provides 
strobes, enabling timing control to 
initiate action such as: R/W strob¬ 
ing, beginning of bus cycle and halt 
acknowledge. 

The control input bus, on the 
other hand, tells the master when 
to execute a task. In this way, the 
slaves can communicate to the 
master. If a slave can handle a 16- 
bit data transfer, it will use this 
(pin 60); and, if the temporary 
master wants the permanent mas¬ 
ter to relinquish bus control, it 
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10MHz 8086and 256K 
RAM for S-100 Bus 



Two of the latest introductions to the market from Piiceon, 
San Jose, CA, have been the PC86 series and the Su- 
peram 50B. 

The PC86 series is an 8086-based, 16-bit CPU card 
with the CPU available in three speeds, 5 MHz, 8 MHz and 
10 MHz. 

The cards feature an 8253 interval timer with two un¬ 
committed timer outputs, an 8259 interrupt controller that 
serves upto eleven interrupt signals, and an RS232C ser¬ 
ial interface (110 to 19.2 Kbaud). 

The cards are designed to provide additional expansion 
options by the use of an add-on Supermodule that plugs 
directly onto the PC86 board. Options available include 
use of the 8087 numeric data processor and a multimaster 
capability that allows the PC86 to operate as one of up to 
16 bus masters, either as a permanent or temporary mas¬ 
ter sharing the S-100 bus. 

The Superam 50-B is a 256 Kbyte dynamic RAM board 
with a board level access time of 175ns (max) over the 0- 
55°C temperature range. Operation with a 10MHz 8086- 
based CPU without wait states has been demonstrated. 
Extended addressing allows the Superam 50B to be 
placed at any 156 Kbyte boundary in a 16Mbyte address 
field. It may be configured for bank select addressing with 
a 64 Kbyte banks for memory protection applications. 
Piiceon, 2045 Lundy Ave., San Jose, CA 95131. 


S-100 Bus 
Buyers Guide 

The new 1982 exclusively S-100 Bus buyers guide lists 
more than 450 S-100 Bus compatible board-level products 
from over 65 manufacturers. The publication includes 23 
ixC-product categories such as single-board computers, 
peripheral controllers, and video boards. Thorough product 
descriptions include design and performance specifica¬ 
tions, prices, delivery-availability and date first manufac¬ 
tured, as well as manufacturers local sales offices. Pur¬ 
chase of the guide also includes new S-100 Bus product 
announcements between issues. The S-100 Bus Buyers 
Guide is published semi-annually and is available for 
$25.00 prepaid, from the publisher, (Add $10.00 per copy 
outside the continental USA), each additional copy $9.95, 
included in the same order to the same address. Contact: 
Ironoak Company, 3239 Caminito Ameca, La Jolla, CA 
92037; (714) 450-0191. 



MuSYS gives 
S-100 the best 
in networks... 


with TurboDOS* 

With CP/M* compatible TurboDOS and MuSYS 
network slave boards you can turn any Z80-based, 
S-100 system into a superior multi-processor, multi¬ 
user network. 

TurboDOS is faster than CP/M for system func¬ 
tions. TurboDOS supports larger files (134 MB) and 
disks (1048 MB) and, unlike CP/NET*, it’s compatible 
with nearly all 2.2 applications software. Many fea¬ 
tures which are optional, extra cost or not available at 
all in CP/M are standard with TurboDOS. Add a 
MuSYS NET/82* and you’ve got a complete, hard¬ 
ware isolated network slave including Z80A CPU, 
two serial ports and many other advanced features. 
For special applications an additional bank of 64K 
memory is available. 

Expand your S-100 system economically with MuSYS 
now! Ask for all the facts on TurboDOS and our ex¬ 
panding line of network slave boards. 

(Generous quantity/dealer discounts available.) 

•TurboDOS is a trademark of Software 2000, Inc. CP/M and CP/NET are trademarks 
of Digital Research. Inc. NET/82 is a trademark of MuSYS Corp. 


Specialists in Multi-user Microsystems 


1451 Irvine Blvd., Suite 11 
Tustin, CA 92680 
(714) 730-5692 
TWX: 910-595-1967 
CABLE: MUSYSTSTN 
Write 31 on Reader Inquiry Card 
See us at Mini Micro, Booths 3019-3021. 
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pulls LOW the hold request line 
(pin 74). 

For critical realtime or multi¬ 
user applications, the interrupt bus 
permits any slave to interrupt the 
master to do another task. The in¬ 
terrupted program completes the 
second task and returns to its pri¬ 
mary one. Priority is assigned by 
line, VIO has the highest, VI7, the 
lowest; VI7 is serviced last if simul¬ 
taneous interrupts occur. The INT 
line, unless masked by the master, 
interrupts the master. In the event 
that an imminent disaster or critical 
task needs immediate attention, 
the NMI or non-maskable interrupt 
line gets the master's attention and 
cannot be masked. 

The TMA or Temporary Master 
Access bus permits temporary mas¬ 
ters to request and receive access 
to a slave without using the perma¬ 
nent master’s program. Otherwise, 
the permanent master would access 
the slave via a program. The old 


term DMA is obsolete, as the TM 
can perform any type of bus cycle, 
not just memory; and, unlike the 
pre-696, which had only one TMA 
device, 696 permits up to 16. If 
conflicts occur, the highest priority 
TM requestor gets bus control. The 
TMA process is more complicated 
than the others we have discussed. 

The final bus group, the utility 
bus, has two subgroups: utility 
signals that did not fall into the 
previous seven groups, and the 
power/ground lines. The 696 has 
three voltage lines: ± 16VDC and 
±8VDC (nom.)—all unregulated, 
which can be a problem. Five pri¬ 
mary ground reference lines (pins 
20, 50, 53, 70, 100) exist. 

Utility signals include the master 
clock signal, an independently run¬ 
ning 2-MHz clock, memory write 
strobe, bootstrapping, power on 
clear, reset, slave clear, impending 
power failure and an error-has-oc- 
curred line. 


S-100 Or Multibus? 

From the start. Multibus was de¬ 
fined to be more “designable”. 
Knowing the maximum capacitive 
dynamic load, how much maximum 
shunt capacity per board (to its 
connected signal lines), capacity 
per connector, plus wiring, it is 
then easy to determine the greatest 
allowable number of cards for your 
system. This generally comes out 
to 12 or 17 cards. 

The S-100 system designer has it 
a lot rougher. Traditionally, he has 
had problems working out the rat¬ 
ed capacitive loading, the propaga¬ 
tion delays and how big his dynam¬ 
ic load can be (yet not exceed rated 
use and fall-times). This procedure 
is more one of iterative conver¬ 
gence, rather than one of clear cut 
easy to calculate parameters. In the 
end, it’s necessary to do more 
benchtop debugging of the proto¬ 
type board. This is one of the rea¬ 
sons, aside from lower costs, that 



DSTD-764 


Single Board Microcomputer with 
STD BUS Expansion Capability 


Brown Out 
Detection Logic 


ADDITIONAL OPTIONS 

• Expansion Card Cage 

• Video Display 
Controller (24 x 80) 

• CP/M 2.2 with 
enhanced BIOS 


DC Power 
Connector 

* Winchester 
Host Adaptor 

Timing and 
Control 


* Floppy Disk 
Controller 
8"and 5 1/4" 
SS/DD and DS/Dd 


2-8 Bit Parallel 
Ports 


2-RS232C 

Channels 


*RS232C 

Channel 


* RS422 
Channel 


Baud Rate 
Generator 


* Status 

Switch & LED's 


64K Bytes DRAM 
with Parity 


*STD BUS 
Interface Logic 


STD BUS 
Expansion 


* Video Display Byte wide Z80(A) DMA 

Controller Port Sockets Microprocessor Controller 


Storex Corporation 

Westwood. Massachusetts 
(617) 329-3454 

Applied Micro Technology Inc. 
Woodland Hills. Ca (213) 888-2027 
Orange County. Ca (714)995 7099 
San Diego. Ca (717) 223-2632 
Wright Marketing Company. Ltd 
Gaithersburg. Maryland (301) 840 1928 
Electro-Tech Marketing Assoc. 
Chicago. Illinois (312) 588-4535 


J.F. Hurtbut Co. 

Golden. Colorado (303) 279 7796 
Tempe. Arizona (602) 968-5962 
Salt Lake City. Utah (802) 973-4443 
Ashby Associates, Inc. 

Dayton. Ohio (513) 252-5627 

Cleveland (Lyndhurst). Ohio (216) 461-0826 

Highland. Michigan (313) 887-8729 


Digital Solutions Inc. 

Houston. Texas (713) 784-8875 
Dallas. Texas (214) 980-1984 
Austin. Texas (512) 451-0755 
The Beams Company 
Des Moines. Iowa (515) 255-1148 


Tracan 

Toronto. Ont (416) 625 7752 
Montreal. PQ (514) 694 5343 
W Vancouver BC (604) 926 3411 
Ottawa Ont (613) 722 7667 

Prelco 

Toronto. Ont (416) 678 0401 


Shawnee Mission. Kansas (913) 631 0200 Ottawa. Ont (613)226 3491 
St Louis. Mo (314)569-1060 Montreal PQ (514 ) 389-8051 


* Optional Features 


< 8/4 

dy-4 SYSTEMS INC. 


dy-4 Systems Inc. 

Ottawa. Ontario (613) 728 3711 
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cottage shops can do well with the 
S-100. The many ingenious, engi- 
neers-turned-entrepreneurs possess 
the design knowledge and time, 
that a larger established company 
will not want to (or be able to) be 
bothered with. 

As for power, the S-100 supplies 
unregulated DC on the backplane 
(not at the supply, as does Multi¬ 
bus), so that each card can have a 
couple of regulators dissipating 
heat near sensitive components. 
This helps boost MTBF's down¬ 
ward and users' tempers upwards. 

Since the S-100 traditionally had 
a potential for formidable transient 
swings near TTL-compatible sig¬ 
nals, crosstalk became a thorny de¬ 
sign problem. Worse yet, if bench 
top testing of the prototypes wasn't 
adequate, the system could create 
glitches in signal lines under certain 
conditions not discovered until 
after a few months in the users' en¬ 
vironments. In large firms, testing 
is likely to be more thorough, 
whether it includes chattering re¬ 
lay, zap gun, hot box, surge and 
other testing. The cottage shops or 
small OEM businesses are less like¬ 
ly to do extensive testing, either 
because their designers are less 
knowledgeable about electronics 
test or because the equipment and 
resources are inadequate. Getting 
back to transients, grounding is a 
help. But with the S-100 it is not 
easy to ground out noise. 

As for bus arbitration (some¬ 
thing discussed first in the IEEE- 
488 article) Multibus' multiple mas¬ 
tering is superior. It supports 
multiple SBC's, each with its own 
program and data storage. Use of 
the data bus is for memory refer¬ 
ences to be shared among SBC's. 
This means that the data bus is 
used less, as the CPUs will spend 
more time referring to their own 
memory or peripheral circuitry. 
This improves intersystem through¬ 
put. 

The Future 

The cottage and “lemonade stand" 
firms of the mid to late 1970's ei¬ 
ther went bust, as most did, or 
grew up and usually out of the hob¬ 
byist market. 

Since many sold originally to 


hobbyists, they had to sell on a 
lower margin to capture sales and 
compete against the hordes of cot¬ 
tage/basement industries sprouting 
up like weeds. Retail prices should 
be 1.5 to 2.0 times material costs, 
yet were not. This meant that 
many of the survivors of the “hob¬ 
byist wars" of the 1975-80 time 
frame developed some bad market¬ 
ing practices that were to hurt 
them. Once they received financial 
backing, expanded plant equip¬ 
ment purchases, hired more per¬ 
sonnel and began spending more, 
these bad management practices 
took their toll. Such price-ignorant 
entrepreneurs are now less signifi¬ 
cant, and the markets for S-100 
products are more professional to¬ 
day. A big impetus to the S-100 is 
the rapid opening of new niches in 
the small business computer and 
industrial markets. Costs dropped 
below a critical threshold in early 
1981. This threshold was passed 
quietly, without fanfare or public¬ 


ity, but is beginning to make a 
large impact. 

The standardization of the S-100 
bus has also added to the bus's 
resurgence. Designers no longer 
need feel uneasy about the bus. 
The 696 bus now compares quite 
well against other 16-bit buses and 
does well against other high-perfor¬ 
mance buses. In standardizing the 
S-100, the IEEE committee ex¬ 
tended address paths to 24 bits, 
added two handshaking lines for 
multiplexing 8- and 16-bit memory 
cards and gauged the data-in/out 
buses to create a 16-bit data bus. 
The committee wisely added extra 
ground lines and took additional 
measures to overcome source-to- 
load ringing, loading and termina¬ 
tion woes. A multi-master arbitra¬ 
tion bus enables up to 16 masters 
at one time on the bus. An error, 
power fail and three specialized 
user lines were added, making 696- 
based systems more reliable and 
flexible. □ 


More Room... 
More Multibus Cages. 



More Room 

You get more room for 
extra cards without in¬ 
creasing overall size, be¬ 
cause our design gives you 
greater inside dimensions. 

More Reliability 

A|l cages are constructed 
of sturdy, durable anodized 
aluminum with a single 
mother board backplane 
... a concept that in¬ 
creases reliability and 
minimizes interconnec¬ 
tions. 

More Models 

We have more models than 
all our competitors com¬ 
bined. Choose a cage with 
3,4,5, 6, 7, 8, 9, 12, 14, 15, 


16, 20,24 or 26 slots for the 
right solution to your prob¬ 
lem. We have models with 
either 0.6" or 0.75" card 
centers and can even ac¬ 
commodate wirewrap 
cards. 

More Rack Mount 
Models 

Standard 19-inch rack 
mounting available for all 
cages. 

More Warranty 

A three year warranty is 
your assurance of quality. 

For Fast Delivery* 

Call our toll free number 
(800) 854-7086 
In Calif, call 
(714) 292-0242 


liH 

Electronic Solutions 

i 

5780 Chesapeake Court 
San Diego, CA 92123 


Fully Multibus Compatible, 
Terminated Mother Board. 


MULTKAGE 


Note: Multi-Case is a registered trademark of Electronic Solutions 
Multibus, trademark of Intel. 
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COMPONENTS 



by Bill Groves 


Do It 

Yourself 

VLSI 


Uncommitted logic arrays, pro¬ 
grammable logic arrays, or simply 
gate arrays, have been around for a 
long time. Now they appear ready 
to take off and dominate the ran¬ 
dom logic market in this decade. If 
the 1970's was the decade of the 
|jlP and memory, then the 1980's 
may be on the way to becoming the 
decade of the gate array due to two 
main driving forces. First, comput¬ 
er-aided design techniques now 
available make it relatively simple 
to deal with arrays containing 5000 
to 10,000 equivalent gates. Second, 
the cost of using discrete SSI/MSI 
logic packages on a PC board has 
increased, mainly due to inflation 
without a corresponding improve¬ 
ment in price or performance of 
the devices. The discrete SSI/MSI 
TTL, CMOS, and ECL devices 
may very well be at or past their 
point of peak efficiency for new de¬ 
signs in both cost and performance. 

VLSI For Everyone 

Gate arrays consisting of gates or 
logic cells offer all of the economy 
and reliability of large scale in- 


Gate arrays begin 
moving from semi¬ 
custom to semi¬ 
standard products. 


tegration. John Carey, Motorola's 
gate array product manager, pre¬ 
dicts that gate arrays have the po¬ 
tential to replace about 50% of the 
standard discrete SSI/MSI logic as 
early as 1985. Most array suppliers 
have almost identical forecasts and 
see the market exploding just as 
(jlPs did in the 70's. In today's dol¬ 
lars, 50% of the discrete TTL/ 
CMOS/ECL business could 
amount to $1.0 to $1.5 billion bv 
1985. 

That big a market in such a short 
time has attracted a large number 
of companies to the gate array 
business. Some vendors feel that 
there are 30 to 40 serious compa¬ 
nies now—a few place the number 
much higher. Since gate arrays are 


still considered a semi-custom 
product, there are as many design 
variations as there are companies 
in the business. A systems designer 
with zero experience in 1C design 
should be able to implement his 
logic in an array with a minimum 
understanding of device physics or 
semiconductor processing in a few 
months. 

What Are Gate Arrays? 

During the mid-1970's, gate array 
technology began to serve the larg¬ 
er digital equipment market with 
quick turnaround LSI random logic 
devices. IBM was a leader in devel¬ 
oping arrays for internal use and * 
now has a gate array capability that 
can produce finished silicon from a 
logic diagram in a few weeks (some 
say a few days). 

Arrays are basically very simple 
devices consisting of transistors and 
resistors arranged in a very orderly 
fashion. The semiconductor house 
is able to mass produce these basic 
wafers in most cases using their 
standard TTL, CMOS, and ECL 
process. Arrays are completely 


60 


Digital Design ■ September 1982 







Process 

Product No. 

Gates 

I/O Pads 

Single Metal 

GA-2500 

2500 

84 


GA-2000 

2025 

74 


GA-1500 

1500 

64 


GA-1000 

1020 

52 


GA-500 

500 

36 

Double Metal 

GA-5000D 

5000 

120 


GA-4000D 

4000 

100 


GA-3000D 

3000 

84 


GA-2000D 

2000 

74 


Table 1: AM is 3-micron CMOS gate array configurations. 


processed except for the metal in¬ 
terconnects that connect the resis¬ 
tors and transistors into logic gates 
or functional blocks. Up to this 
point, all of the array manufactur¬ 
ers are doing virtually the same 
thing. 

The next step, metalization in¬ 
terconnect, is where they begin to 
differ. Some use a single level of 
metal to interconnect all of the 
components at one time into a 
complete logic function. Others use 
a double metal process to first con¬ 
nect resistors and transistors into 
well-defined logic cells, then a sec¬ 
ond level of metal connects the log¬ 
ic elements into the complete logic 
array; some vendors, like AMI, of¬ 
fer both. Each of these approaches 
can result in the same type of end 
product, but the double-metal ap¬ 
proach may be the easiest when 
complexities of 10,000 or more 
gates are involved. 

Where To Start 

If you are now designing logic for a 
system based on SSI/MSI IC's, you 
could begin using gate arrays today 
with very little change in your basic 
design approach. Most of the array 
suppliers will take your logic dia¬ 
gram and return a product in sili¬ 
con in about three months. You 
had better move fast, however, be¬ 
cause the array vendors are trying 
to discourage this type of business. 
They would prefer that you design, 
debug, simulate, and test your own 
gate array. Some have made it easy 
for you to use your own CAD sys¬ 
tem and their software to design at 
home, while others want you to 


plug into their large design com¬ 
puter. A . third approach requires 
you to do your design on the array 
maker's site. 

The differences in these ap¬ 
proaches for the system designer 
may be a matter of personal prefer¬ 
ence. Some designers, especially 
first-time users, may want to take 
the easiest possible approach with 
least involvement. This may be an 
overly cautious approach—it cer¬ 
tainly will be more costly. All of 
the array suppliers interviewed for 
this article have some sort of for¬ 
mal training and complete docu¬ 
mentation available to help the 
first-time array designer do it right 
as quickly as possible. It is impor¬ 
tant to remember that the array 
vendors have spent a lot of time 
trying to make the device physics 
and processing transparent to the 
user. Most compare designing an 
array with the complexity of doing 
the same function on a double-sid¬ 
ed PC board with discrete logic de¬ 
vices. If you can do that, you can 
design a gate array. It is simply in¬ 
tegrating your logic design into a 
piece of silicon. 

Arrays are not the Mead-Con- 
way approach to systems design in 
silicon. To fully implement the 
Mead-Conway philosophy, the sys¬ 
tems designer would have to un¬ 
derstand a lot more about device 
physics and semiconductor process¬ 
ing. Arrays do offer some of the 
advantages, but they can keep the 
logic designer from becoming a 
semiconductor designer. Gate ar¬ 
rays may very well be the bridge to 
the Mead-Conway approach. 


Array Economics 

Development costs for a gate array 
exist because the products are 
semi-custom. Full use of the CAD 
techniques available can reduce 
these front end costs; volume can 
make the difference. The more you 
use, the less they will cost per unit. 
Quantity is a very important con-' 
sideration in deciding to use a gate 
array. Generally, the array suppli¬ 
ers feel that if you use less than 
5000 devices in a year, they may 
not be the best way to go. Once 
you commit to an array, you can¬ 
not change it without paying a high 
penalty. Under 5000 devices per 
year should make you look serious¬ 
ly at field programmable logic ar¬ 
rays. Both Signetics and Monolith¬ 
ic Memories offer a large selection 
of fuseable link programmable log¬ 
ic arrays. These products suffer the 
same disadvantages as PROM's in 
high volume applications, and they 
are also limited in complexity to a 
few hundred gates. 

Hybrid circuits may also be an 
economically attractive solution to 
low-volume production where a 
semi-custom solution is needed. 
Hybrids can get expensive and are 
mainly limited to existing devices. 
They are more reliable than com¬ 
ponents on a PC board, but not as 
reliable as a design implemented 
totally in silicon. Many consider 
hybrids a packaging solution only. 

High volume applications for 
gate arrays (over 100,000 devices 
per year) should also be examined 
very carefully. At some point over 
100K devices, a full custom solu¬ 
tion may make economic sense. 
Gate arrays have the distinct ad¬ 
vantage of rapid turnaround—to¬ 
day they can be produced in three 
or four months; by next year it may 
be three or four weeks. Full cus¬ 
tom designs normally take 1 to 1 Vi 
years, which can be a very long 
lead time in today's competitive 
world. Arrays are not as efficient 
in the use of silicon and do not of¬ 
fer the performance potential of a 
full custom design. They do offer 
many of the custom advantages at 
reasonable cost, quickly. These are 
important tradeoffs that should be 
considered very early in your de¬ 
sign cycle. If the array producers 
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VLSI 


V* 


Type 

Technology 

Gates 

Typ. Gate Delay 

c 

Q400 

Linear/Digital 

1500 

15 ns 


Q401 

Linear/Digital 

800 

15 ns 


Q410 

Digital CMOS 

1000 

15 ns 


Q411 

Digital CMOS 

500 

15 ns 


Q412 

Digital CMOS 

300 

15 ns 

* 

Q413 

Digital CMOS 

700 

15 ns 


Q415 

Digital CMOS 

1000 

15 ns 

* 

Type 

Gates 

Typ. Gate Delay 

Chip Power Description 


Q720 

250 

1.3 ns 

540 mW 


Q710 

500 

1.75 ns 

940 mW 


Q700 

1000 

1.75 ns 

1.63 W 



M 


Table 2: (a) AMCC Quick Chip CMOS arrays, (b) AMCC Quick Chip bipolar ar¬ 
rays; these are ECL arrays with a choice of TTL or ECL I OK l/O 's. TTL I/O reduce 
performance because of level shifting. 


do shave turnaround time to a 
month or less for the full cycle to 
finished silicon, they may be able 
to beat the long lead times re¬ 
quired to get discrete SSI/MSI de¬ 
vices in today’s IC market. Full 
custom design turnaround will get 
better as CAD techniques im¬ 
prove—but not dramatically for 
awhile. 

Retrofit 

Arrays for new designs make both 
technical and economic sense. The 
same may not be true for convert¬ 
ing existing designs into arrays. It 
may be very easy to justify the 
economy of replacing 30 or 40 ICs 
and a large PC board with a single 
gate array. However, if your prod¬ 
uct is at the mid-point of its life cy¬ 
cle, it may not be worth this effort. 
Changes to retrofit an existing sys¬ 
tem may be more expensive to 
manufacture, service, train, docu¬ 
ment, etc. than the product is capa¬ 
ble of returning. 

If you are early in a product’s 
life cycle, or you need a perfor¬ 
mance improvement, then gate ar¬ 
rays may be a valid economical so¬ 
lution. Certainly many areas in 
peripheral controllers, graphics ter¬ 
minals, etc. can benefit by elimi¬ 
nating costly circuit boards and 
their overhead. 

Technology Options 

Just about every technology found 
in discrete logic IC’s can be had in 
gate array form—TTL, CMOS, 
ECL, I 2 L, etc. By 1985, most array 
producers predict that the market 
will divide into three main technol¬ 
ogies: 20% going to ECL for super 
high-speed applications, 50% to 
CMOS for most general applica¬ 
tions, and the 30% remaining will 
go to TTL, ISL, I 2 L and STTL. 

Many array producers, like LSI 
Logic Corp, are now bringing a 2- 
micron dual metal HCMOS tech¬ 
nology into the array market. It is 
quite possible that this small geom¬ 
etry CMOS will squeeze out the 
TTL and other popular bipolar log¬ 
ics, leaving the array market to 
ECL for the high performance and 
CMOS for the other applications. 
To get the speed and performance 
in ECL, the obvious penalty is high 


power dissipation, and this may put 
some limits on ECL array complex¬ 
ity. The heat and power problems, 
while not severe, also apply to the 
other bipolar technologies. CMOS 
performance is at least equal to 
most of these bipolar technologies 
with the added advantage of its 
very low power consumption. 

Design Approaches 

Since arrays come in all sizes and 
technologies from perhaps 40 dif¬ 
ferent vendors, there is little in 
common among the arrays. There 
are really two basic design ap¬ 
proaches. First is the dedicated ma¬ 
crocell approach pioneered by Mo¬ 
torola; we will call this a hard 
macro. Second is a software macro 
used primarily in the single-level 
metal products; we will call this a 
soft macro. These are design tech¬ 
niques that make it easier for the 
logic designer to convert his logic 
(usually specified in TTL 7400 se¬ 
ries devices) into an array. 

Hard macros are normally cre¬ 
ated by first-level metalization of 
the array. Individual transistors 
and resistors on the macrocell ar¬ 
ray are grouped into convenient 
cells. Motorola, for example, offers 
an option of major and minor cells 
that can be placed on the array at 
designated locations. Minor cells 
might be easily configured as I/O, 
while flip-flops, clock drivers, mul¬ 
tiplexers etc. are created in the ma¬ 


jor cell locations. During first met¬ 
al, the cells are connected into 
individual functional elements. 
Power and other chip housekeep¬ 
ing are also performed on first lev¬ 
el. Next, vias are created where 
needed to connect first-level metal 
to second-level metal. The second 
level of metalization is then applied 
to connect the logic functions in 
the cells to form the complete gate 
array. 

Soft macros go through the same 
two-stage wiring process. The ma¬ 
cros, however, are not placed on 
predetermined locations but are 
connected at random on the array 
to form the individual macro func¬ 
tions. At the same time, the func¬ 
tional elements are being connect¬ 
ed to form the complete array. The 
soft macro essentially resides in 
software where the hard macro be¬ 
comes a characterizable function 
that can be repeated in silicon over 
and over. 

The soft macro is a product of 
computer-aided routing and place¬ 
ment, while the hard macro was 
originally developed for manual 
layout. The hard macro looks as if 
it may become the most popular 
design approach since it fits nicely 
into the two-leVel metal process 
needed for higher performance 
CMOS and for higher array com¬ 
plexities. Today, most hard macros 
are also auto routed and placed. 

There is a small tradeoff be- 
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Part 

Number 

Total 

Transistors 

Available 

Gate-Cells 

Available 

I/O Pins 

Die Size 
(mils) 

G4060 

340 

60 

23 

78x87 

G4112 

614 

112 

29 

98x108 

G4160 

862 

160 

35 

108x129 

G4220 

1174 

220 

38 

129x138 

G4264 

1400 

264 

41 

138x150 

G4312 

1648 

312 

43 

150x158 

G4364 

1916 

364 

47 

158x171 

G4420 

2200 

420 

49 

171x178 

G4480 

2508 

480 

53 

178x192 


Part 

Number 

Inverter 

Delay 

Total 

Transistors 

Logic 

Cells 

Output 

Drivers 

Interface 

Pads 

Die 

Size 

G70090 

5ns 

580 

90 

28 

32 

80x90 

G7F090 

3ns 

580 

90 

28 

32 

80x90 

G70200 

5ns 

1292 

200 

19 

40 

111x131 

G7F200 

3ns 

1292 

200 

19 

40 

111x131 

G70360 

5ns 

2256 

360 

25 

52 

150x150 

G7F360 

3ns 

2256 

360 

25 

52 

150x150 

G70490 

5ns 

3000 

490 

54 

58 

175x175 

G7F490 

3ns 

3000 

490 

54 

58 

175x175 

G70640 

5ns 

3968 

640 

33 

68 

189x189 

G7F640 

3ns 

3968 

640 

33 

68 

189x189 

G70810 

5ns 

5008 

810 

72 

76 

216x216 

G7F810 

3ns 

5008 

810 

72 

76 

216x216 

G71000 

5ns 

6160 

1000 

41 

84 

229x229 

G71440 

5ns 

8832 

1440 

48 

100 

268x268 

G71960 

5ns 

11984 

1960 

57 

116 

308x308 


Table 3: (a) G4000 series metal gate CMOS arrays; (b) G7000 series silicon gate 
CMOS arrays . 


tween soft and hard macros in 
terms of most efficient use of sili¬ 
con, with the hard macro requiring 
better-defined routing channels. 
This is mainly of concern to the ar¬ 
ray manufacturer; however, it 
could in some cases, like ECL ar¬ 
rays, have a minor impact on 
performance. 

Logic partitioning, simulation, 
design verification, and test pro¬ 
gram generation are the key parts 
of the array design process that re¬ 
main unique to each vendor. They 
will be presented with each manu¬ 
facturer's product description. 

Second Sources 

Sorry, but they don't exist in the 
world of gate arrays, yet. Many of 
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the design approaches and pro¬ 
cesses are very close, but the semi- 
custom nature of arrays makes it 
extremely difficult, if not impossi¬ 
ble, to get a second source for an 
array. Transportable software will 
solve this problem to some extent. 
Users who do their own design and 
furnish the vendor with a tape con¬ 
taining partitioned logic and a full 
simulation will find it easier to get 
a vendor to convert a design to his 
system. Some of the front end tool¬ 
ing costs will have to be paid to get 
a second source. Even then it will 
not necessarily be a 100% compati¬ 
ble second source product. 

A better way to approach the 
second source problem may be on 
the front end negotiations with the 


vendors to make sure that designs 
and processes are actually movea- 4 
ble from vendor to vendor. 

Standards do not yet exist for ar¬ 
rays, and this presents even more 
problems trying to find multiple 
sources. With design approaches 
varying from colored pencils and a * 

mylar grid, up to super computers 
that automate the entire design 
process combined with every ven¬ 
dor's process variations, second 
sources, as we know them, with 
discrete logic devices and memory 
may never exist. 

How close can you come to a 
second source? Motorola and Na¬ 
tional Semiconductor have a sec¬ 
ond source agreement for ECL ma¬ 
crocell arrays. LSI Logic also 
claims to have an independently * 

developed ECL macrocell design 
that is also a second source to Mo¬ 
torola. Since all three companies 
use different design systems, their 
commonality may be marginal. 

Packaging 

If you need a 5000 gate array and p 
want to put it into a 40-pin pack¬ 
age, you had better look at your 
last PC board design. Since you are 
compressing 50 or so SSI/MSI de¬ 
vices into a single gate array, you 
can only eliminate some of the 1/ 

O's. If the array is under 1000 
gates, it may need a 64-pin dual-in¬ 
line package. Between 1000 and 
6000 gates, pin counts range from 
100 to 180 pins, and beyond 6000 
gate arrays to 10,000 gate arrays, 
expect to see about 224 or more 
pins. 

Pin grid arrays and leadless chip 
carriers appear to be the most 
practical solutions to the high pin 
count problems at present. Both 
present handling problems that will 
be solved by better chip design in * 
the future, but considering com¬ 
plexity and testability, dramatic re¬ 
ductions are not likely. 

Testing Dilemma 

Most of the hard macrocell array 
suppliers have made it very easy to 
generate test programs and the A/ 

C test data as part of the design 
and simulation. 

The hard macrocells are speci¬ 
fied with typical delays in catalog 
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Companies In The Gate Array Business 


While it is very difficult to get an exact feel for the size of 

LSI Logic Corp. 

ECL and Si Gate 

* 

the gate array market today, estimates place it in a range 

Milpitas, CA 

CMOS 


from $400 to $500 million. Growth to $1 or $1.5 billion in 

(Write 316) 



the next two years will require more suppliers or more de¬ 
sign capacity. Although not comprehensive, the following 

Master Logic Corp. 

Metal and Si Gate 


list of array suppliers gives some idea of the number of 

Sunnyvale, CA 

CMOS 


companies in the field. Use the accompanying write num- 

(Write 317) 



bers and the Digital Design inquiry card to obtain further 

Microcircuit Technology 

Metal Gate CMOS 


information. 


Santa Clara, CA 





(Write 318) 





Mitel Semiconductor 

Si Gate CMOS 




Kanata, Ontario, Canada 


> 

Gate Array Suppliers 


(Write 319) 





Monolithic Memories 

Field Programmable 

* 

Analog Innovations, Inc. 

Western Design 

Sunnyvale, CA 

Logic Arrays 


Los Gatos, CA 

Center for Cherry 

(Write 320) 



(Write 300) 

Semiconductor Linear/ 

Monosil, Inc. 

Metal Gate CMOS 



digital arrays and l 2 L 

Santa Clara, CA 



Applied MicroCircuits Corp. 

Si Gate CMOS 

(Write 321) 



Cupertino, CA 


MOSTEK (UTC Microelectronics) Metal Gate CMOS 


(Write 301) 


Carrollton, TX 



American Microsystems, Inc. 

Si Gate CMOS 

(Write 322) 



Santa Clara, CA 


Motorola Semiconductor 

ECL, Metal and Si 


(Write 302) 


Phoenix, AZ 

Gate CMOS, STTL 


California Devices, Inc. 

Metal and Si Gate 

(Write 323) 



San Jose, CA 

CMOS 

National Semiconductor 

ECL, Si Gate CMOS 


(Write 303) 


Santa Clara, CA 



Cherry Semiconductor 

l 2 L and Linear digital 

(Write 324) 



E. Greenwich, R.l. 


Nitron 

Metal and Si Gate 


(Write 304) 


Cupertino, CA 

CMOS (alternate 


Custom Integrated Circuits 

l 2 L 

(Write 325) 

source to Universal 


Minneapolis, MN 



Semiconductor) 


(Write 305) 


Plessey 

ECL and Si Gate 


EXAR Integrated Circuits 

Metal Gate CMOS 

Irvine, CA 

CMOS 


Sunnyvale, CA 

and l 2 L 

(Write 326) 



(Write 306) 


Raytheon 

STTL 

* 

Fairchild Semiconductor 

ECL, l 2 L, and STTL 

Mountain View, CA 



Mountain View, CA 


(Write 327) 



(Write 307) 


RCA 

Si Gate CMOS 


Ferranti Semiconductors 

CML and CMOS 

Somerville, NJ 



Commack, NY 


(Write 328) 



(Write 308) 


Semi Processes Inc. 

Si Gate CMOS 


Fujitsu Microelectronics 

Si Gate CMOS and 

Santa Clara, CA 


¥ 

Santa Clara, CA 

l 2 L 

(Write 329) 



(Write 309) 


Signetics/Philips 

ECL. Si Gate CMOS. 


General Instruments 

Si Gate CMOS 

Sunnyvale, CA 

ISL and STTL 


Hicksville, NY 


(Write 330) 

Field Programmable 

M 

(Write 310) 



Logic Arrays 


GTE Microcircuits 

Si Gate CMOS 

Synertek/Honeywell 

CMOS 


Tempe, AZ 


Santa Clara, CA 


* 

(Write 311) 


(Write 331) 



Harris Semiconductor 

Si Gate CMOS, l 2 L, 

Texas Instruments 

STTL and l 2 L 


Melborne, FL 

and STTL 

Houston, TX 



(Write 312) 


(Write 332) 



Hughes Solid State 

Si Gate CMOS 

Telmos 

Metal and Si Gate 


Newport Beach, CA 


Santa Clara, CA 

CMOS 


(Write 313) 


(Write 333) 



Interdesign, Inc. 

Metal Gate CMOS, 

Universal Semiconductor 

Metal and Si Gate 


Sunnyvale, CA 

CML. NMOS 

San Jose, CA 

CMOS 


(Write 314) 

and bipolar/linear 

(Write 334) 



International Microcircuits, Inc. 

Metal and Si Gate 

Western Digital 

Metal Gate CMOS 


Santa Clara. CA 

CMOS 

Newport Beach. CA 



(Write 315) 


(Write 335) 
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form much like their SSI/MSI 
counterparts. These can be used 
for preliminary performance calcu¬ 
lations. During simulation of the 
array, when the exact wire lengths 
have been determined, the actual 
wire delays and circuit delays can 
be combined to provide very accu¬ 
rate delay data. John Carey at Mo¬ 
torola indicates that wire delays for 
ECL arrays can be estimated at 4 
psec/mil of wire with a capacitive 
loading of 0.008 ppf/mil. These fig¬ 
ures can then be calculated to exact 
value during simulation to verify 
array performance. 

Array complexity makes testing 
more complicated. Pin counts up to 
200 push the limits of many popu¬ 
lar testers. Wafer probing at these 
pin densities is pushing current 
probe card technology. Automated 
handling for the newer packages 
and high pin count devices is al¬ 
most nonexistent. 

Probably the most important as¬ 
pect of array testing takes place in 
the preliminary design phase. It 
should be clearly defined very ear¬ 
ly—know what to expect from the 
supplier before you get into silicon. 

Full Service 

The most common message re¬ 
ceived from the array manufactur¬ 
ers is that it is a service-oriented 
“hand holding” business. Some 
will guide you through the design 
process making it as easy as possi¬ 
ble. Universal Semiconductor and 
LSI Logic are willing to work on a 
one-to-one basis with their custom¬ 
ers, while others prefer that you 
get up and running on a CAD sys¬ 
tem as soon as possible. For the ar¬ 
ray user, the choice is to pick an 
approach that you feel comfortable 
using. It is wise to select a total 
package of design and product 
rather than zero in on product 
alone. 

Array suppliers that offer the full 
service from design to silicon also 
help minimize risks in a semi-cus¬ 
tom design. This one-stop shopping 
is also a trend among the suppliers, 
with many companies that pro¬ 
vided only array design in the past 
quickly adding wafer fabrication fa¬ 
cilities. A small supplier that has 
invested in a fab facility will prob¬ 


ably be around for a long time. 

The major problem in any semi¬ 
custom product is error. Assuming 
that your logic design is valid, the 
conversion to an array is capable of 
introducing errors. All of the array 
suppliers have built-in error 
checks, etc., but no system is per¬ 
fect. The ultimate responsibility for 
a design working in array form 
rests with the logic designer. The 
array manufacturers will help man¬ 
age the risks, but they are not sys¬ 
tem designers—more important 
they may not really understand 
your logic; they are chip makers. 

If your logic is valid and you go 
through the design cycle with the 


array supplier, the probability of 
gross error is remote and the risks 
are minimal. Full logic simulation 
is a must in the design cycle. 

Factories And Foundries 

Many large systems companies 
have their own internal semicon¬ 
ductor capabilities from small pilot 
lines all the way up to full fab fa¬ 
cilities. These companies may be¬ 
gin to do their own metalization in- 
house, buying basic unwired 
arrays—some may even go as far as 
designing their own arrays from the 
wafer up. 

Few of the array manufacturers 
see this as a wide spread practice; 


Part 

Gate 

Max. 

Major 

Interface 

Output 

Major Cell Gate 

Number 

Complexity 

Pins 

Cells 

Cells 

Cells 

Delay (ns typ.) 

LCA 600 ECL 

600 

68 

24 

25 

18 

0.9-1.3 

LCA 1200 ECL 

1200 

68 

48 

32 

26 

0.9-1.3 


Part Number 

Gate 

Complexity 

Max. Pins 

LS Output 
Buffers 

TTL Output 
Buffers 

Gate Speed (ns) 
Typ. 

LC 3100 

300 

40 

17 

20 

5 

LC 4100 

400 

46 

23 

20 

5 

LC 5400 

540 

52 

25 

24 

5 

LC 7700 

770 

62 

31 

28 

5 

LC 10000 

1000 

70 

35 

32 

5 

LC 12600 

1260 

78 

39 

36 

5 

LC 17800 

1782 

92 

43 

46 

5 


Part Number 

Gate 

Complexity 

Max. Pins 

Metal Level 

Gate Length (pt) 

Gate Speed (ns) 
Typ. 

LSI 5080 

880 

74 

2 

3 

2.5 

LSI 5140 

1404 

84 

2 

3 

2.5 

LSI 5220 

2224 

114 

2 

3 

2.5 

LSI 5320 

3200 

138 

2 

3 

2.5 

LSI 5420 

4200 

148 

2 

3 

2.5 

LSI 5600 

6000 

180 

2 

3 

2.5 


Part Number 

Gate 

Complexity 

Max. Pins 

Metal 

Levels 

Gate 

Length (n) 

Gate Speed (ns) 
Typ. 

LSI 7080 

880 

68 

2 

2 

1.5 

LSI 7140 

1480 

84 

2 

2 

1.5 

LSI 7200 

2010 

128 

2 

2 

1.5 

LSI 7320 

3200 

144 

2 

2 

1.5 

LSI 7420 

4200 

160 

2 

2 

1.5 

LSI 7600 

6000 

180 

2 

2 

1.5 

LSI 7800 

8000 

200 

2 

2 

1.5 

LSI 71000 

10000 

224 

2 

2 

1.5 


Table 4: (a) LCA 1200 series oxide isolated ECL macrocell array; (b) LC 3100 series 
silicon gate CMOS macrocell array; (c) LSI 5000 series silicon gate HCMOS macro¬ 
cell array; (d) LSI 7000 series silicon gate HCMOS macrocell arrays. 


4 


4 
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Figure I: LDS-1 functional outline from LSI Logic Corp. 


however, Joe Mingione of AMCC 
predicts as much as 20% of the ar¬ 
rays produced by 1990 could be in 
captive metal plants. 

It is doubtful that many systems 
houses would consider adding full 
wafer fab facilities when a modest 
facility costs between $15 and $30 
million today. Only with an inter¬ 
nal consumption of thousands of 
array types, or a large volume of 
other products, could any systems 
organization justify a full fab line. 

Metal at home may have some 
attraction to the military systems 
houses to protect classified chip de¬ 
signs and systems. The novelty val¬ 
ue of doing the metal may not last 
very long, especially as array 
houses get more competitive. 

Design-Only Houses 

Many array design companies offer 
standard array designs; many have 
produced excellent arrays, but lack 
fab facilities. These third party de¬ 
signers depend on semiconductor 
manufacturers for their basic wafer 
lab in a silicon foundry style of op¬ 
eration. Their ability to purchase 
wafers is good in today's economy, 
but if and when the semiconductor 
companies return to full capacity 
operation, these design-only orga¬ 
nizations may experience long de¬ 
lays in getting their wafers pro¬ 
cessed. If your system has a critical 
turnaround on an array, the de- 
sign-only companies could be the 
wrong place to shop. There is also 
the question of assigning blame if 


the design does not work in silicon. 
With three parties involved in an 
array, it may be very difficult to as¬ 
sign blame for a failure. 

Arrays From Distributors 

Don’t be surprised if you find your 
local distributor selling gate arrays 
in the next few years. Right now, 
those providing engineering sup¬ 
port for (jlPs could easily make the 
transition to remote design centers 
for gate arrays. In fact, with mini¬ 
mal equipment investment, most 
distributors could get into the busi¬ 
ness. The larger semiconductor 
companies may welcome this buff¬ 
er in the sales chain in a short time. 
Motorola, for example, is begin¬ 
ning to train its field applications 
engineers in gate array. When Mo¬ 
torola adds the terminals to its field 
offices, they will have over 100 
mini-design centers. 

Who Owns The Tooling? 

To create tooling for a gate array, 
the customer’s proprietary logic de¬ 
sign is implemented in silicon using 
the array manufacturer’s propri¬ 
etary design system and process. 
Once the array tooling (a CAM 
program, etc.) exists, it is a combi¬ 
nation of these two proprietary 


MA5050 

252 gates 

38 I/O'S 

MA5100 

480 gates 

48 I/O'S 

MA5150 

720 gates 

62 I/O'S 


Table 5: CMOS arrays available from 
Mitel. 


pieces. This is a point to consider, 
especially in second sourcing an ar¬ 
ray. Can you really take the tooling 
from one array house to another? 
What if any of the parts of the tool¬ 
ing are transportable? While this 
does not appear to be an issue at 
present, it could come up as the 
competition in the array business 
gets tougher. 

Where Will It End? 

In the not-too-distant future, it is 
possible that arrays will be pro¬ 
duced by simply entering logic 
equations into the computer, and 
the arrays will be turned out by a 
direct writing E-beam on the wa¬ 
fers. Until then, there are a lot of 
rough spots that have to be fixed. 
Computer-aided design holds the 
key to gate arrays achieving the 
market potential possible. Better 
CAD systems and smarter software 
are needed right now. 

American Microsystems 

In the custom IC business since 
1966, AMI has moved into gate ar¬ 
rays in a big way. Trying to remain 
flexible as possible, they produce 
CMOS arrays using both hard and 
soft macro approaches in single 
and double metal processes. Late 
this year, a 3(jl Si Gate process will 
be added to the current 5|jl family 
of devices. 

John Edward, director of array 
products at AMI, looks at arrays as 
a low-cost quick-turnaround semi¬ 
custom solution for the customer. 


Digital Design ■ September 1982 


67 




























































VLSI 





Figure 2: Motorola's macrocell array option development flow. 


AMI is committed to automating 
the array design process. 

AMI is introducing its state of 
the art 3-micron CMOS gate arrays 
in single-metal and double-metal 
versions. It features high speed (2 
to 3 ns gate delays) and total I/O 
flexibility (each pad can be one of 
13 options). Gate densities can be 
up to 5000 gates for the double¬ 
metal version. The AMI 3-micron 
CMOS gate array configurations 
can be summarized in Table 1. 

Analog Innovation (Cherry 
Semiconductor) 

A design house specializing in cus¬ 
tom ICs, Analog Innovation has 
recently established a design center 
in Los Gatos, CA, to provide de¬ 
sign and engineering services for 
the Genesis line of arrays manufac¬ 
tured by Cherry Semiconductor. 

The Genesis series of semi-cus¬ 
tom ICs includes 5 linear arrays 
(187 to 815 components), one 335 
component linear flip-chip array 
and 3 I 2 L gate arrays (192 to 288 
gates). The I 2 L arrays include ana¬ 
log capability as well as opto elec¬ 
tronic custom capability via silicon 
photo detector chip and an array 
housed in a transparent package. 
These products may have some 
very interesting special purpose ap¬ 
plications, particularily in analog to 
digital interfaces. 

Applied Micro Circuits 

AMCC claims to be the most auto¬ 
mated array company in the busi¬ 
ness, but compared to many other 
array houses large and small, they 
do not appear to have any signifi¬ 
cant advantage. The company's de¬ 
sign process is highly automated 
based on a TEGAS simulation sys¬ 
tem through the CDC Cyber Net. 
AMCC also offers TEGAS file de¬ 
velopment with test pattern gen¬ 
eration. By comparison, AMCC 
not only lacks an extra edge in the 
CAD area but also has a fairly 
limited line of products. 

Joseph Mingione, AMCC's Vice 
President, does have some interest¬ 
ing points to make about the mar¬ 
ket. Like many people he sees the 
dollar potential over $1 billion by 
1985. Mingione also sees automat¬ 


ed design software generally avail¬ 
able and very wide-spread use of 
color graphics for design display 
terminals. His most interesting pre¬ 
diction is that array users will begin 
to bring their own metalization fac¬ 
tories on line beginning in 1984 
with the semiconductor manufac¬ 
turer granting array licenses to end 
users. 

By the end of the decade, Joe 
Mingione sees logic equations be¬ 
ing entered directly into stand¬ 
alone array design computers with 
software interface to direct write- 
on-wafer technology. At this point, 
more than 20% of the metalization 
would be performed in user-owned 
metalization factories. 

AMCC has developed one very 
interesting design aid—a Bench¬ 
mark System Array. It is a stan¬ 
dard AMCC series 0700 array in¬ 
terconnected with a variety of logic 
and I/O configurations enabling the 


systems designer to benchmark ar¬ 
ray performance characteristics. 
The Benchmark Array has 10 logic 
and I/O combinations to provide a 
method to evaluate, measure, and 
analyze propagation delays, toggle 
rates, I/O loading, output drive, 
ECL threshold tracking and input 
stability. 

AMCC is also one of the very 
few array suppliers producing 
CMOS arrays with both linear and 
digital array functions on the same 
chip (Table 2). Operational ampli¬ 
fiers and comparators and other 
linear functions are available in 
one quadrant of the chip, with the 
other quadrants devoted to digital 
functions. Functions such as 
switched capacitor filters, finite 
state machines, charge distribution 
A/D converters, current mirror 
function generators, multiplexed 
LCD display drivers, and digital fil¬ 
ters can be implemented on these 
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ECL Arrays 

600 Gates 

1200 Gates 

These are alternate source products to 

Motorola. 

2400 Gates 

This is also a second source to Motorola 
although no second source agreement 
has been completed. 

CMOS Arrays (Double Metal Oxide 

1200 Gates 

2400 Gates 

4800 Gates 

6000 Gates 

All of these devices are built with 2 to 3|jl 
geometries and are expected to achieve 
a 1 ns typical gate delay late this year 
versus a 2 ns delay currently offered. 


Table 6: ECL arrays 
and CMOS arrays 
(Double Metal Oxide 
Isolated). All of the 
NSC ECL arrays are 
a vail able w i t h a 
choice of ECL or 
TTL 110's. Gate delays average I ns typical , and NSC expects to achieve 0.5 ns by 
next year. All of the CMOS arrays can be supplied with TTL I/O's. 


linear/digital CMOS arrays. 

In May, AMCC announced that 
* its 4" wafer fabrication facility lo¬ 
cated in San Diego would be avail¬ 
able to support outside array man¬ 
ufacturers. Many of the smaller 
design-only gate array houses may 
take advantage of this facility to 
process their wafers silicon-foundry 
style. In July, AMCC signed an al- 
« ternate source agreement with 
Thompson-EFCIS in France. 
Thompson will operate an indepen¬ 
dent design and manufacturing fa¬ 
cility. Signetics/Philips is also an al¬ 
ternate source of the AMCC 0700 
series of arrays. 

California Devices 

Single mask programmable Si and 
metal gate CMOS arrays, ranging 
from 300 to 1782 gates, are avail¬ 
able in 7 options from California 
Devices, Inc. (CDI). Internal gate 
delays are in the order of 3.5 ns. 
CDI offers a variety of customer 
interface points from simple logic 
diagrams up to full CAD inputs 
with many alternatives along the 
i way. They are also capable of gen¬ 
erating Sentry test programs for 
production testing. As part of their 
array design training program, CDI 
supplies the user with a complete 
design manual, data base tapes, 
and a soft macro cell library to 
make design as easy as possible. 

Ferranti Semiconductor 

Ferranti announced its entry into 
the US gate array market last Feb¬ 


ruary with about 20 different array 
types, each with many performance 
variations. These bipolar and 
CMOS arrays range in complexity 
from 100 to 2400 gates, with 4000 
and 10,000 gate products scheduled 
for design availability sometime 
during 1982. Ferranti has been pro¬ 
ducing gate arrays or, as they pre¬ 
fer to call them, ULA's (uncom¬ 
mitted logic arrays) in the UK 
since the early 1970’s. 

The design process used by Fer¬ 
ranti is highly automated. They of¬ 
fer a DEC-based CAD system that 
they will sell to the serious array 
user for over $100,000. The system 
is impressive, and they offer exten¬ 
sive customer training on their 
CAD system in their design ap¬ 
proach. If you find $100K more 
than you can afford for your first 
array design, you have the option 
of using the system at the Ferranti 
Design Center in Commack, New 
York. 

Without the ULA Designer 
CAD system, Ferranti does not 
specify any other preferred inter¬ 
face for less affluent customers. 

Ferranti also has its manufactur¬ 
ing operations in the UK. Signe¬ 
tics/Philips seemed to have solved 
the geography problems, but in this 
case, Signetics is a major US semi¬ 
conductor firm, and Philips is a 
major European one. Ferranti 
lacks this type of support in the 
US. If the majority of the US array 
manufacturers continue to treat 
gate arrays as a service intensive 
business, they may make it very 
difficult for Ferranti to compete. 


Fujitsu Microelectronics 

Many Japanese companies have 
been active in gate arrays for some 
time. Fujitsu recently announced 
an 8000 gate CMOS array—one of 
the most complex available. Four 
others, ranging from about 700 to 
4000 gates with 7 ns gate delays, 
and 2000 and 4000 gate CMOS ar¬ 
rays with 4 ns delays, were already 
available in 2 level metal CMOS. 
Fujitsu also has 3 TTL gate arrays. 
The CMOS arrays compete with 
low-power Schottky TTL with low¬ 
er power requirements. 

Six I/O cell options and an 86 
cell macro library are available to 
design these arrays. Fujitsu is will¬ 
ing to interface at the logic diagram 
level or in a logic description lan¬ 
guage; the company provides soft¬ 
ware and CAD support to its cus¬ 
tomers. 

International Microcircuits 

An old timer in the gate array busi¬ 
ness, International Microcircuits 
Inc., began producing arrays in 
1974, calling their approach “Mas¬ 
ter Slice.” In 1976, they developed 
a medium speed family of CMOS 
arrays with over 500 gates. By 
1978, IMI added linear arrays, and 
today they are capable of produc¬ 
ing metal gate CMOS arrays with 
more than 5000 gates. 

Frank Deverse, IMFs President, 
feels that offering service to the 
customer is still the key to the busi¬ 
ness, and to do this, he is attempt¬ 
ing to cut cycle time from valid log¬ 
ic design to prototype arrays in 
silicon to 3 weeks by the end of this 
year. Deverse is a firm believer in 
CAD and thinks it may offer the 
only error-free method of convert¬ 
ing logic into arrays. Another key 
to the future is a guarantee from 
the array manufacturer of quality, 
and to get there, Deverse feels that 
a successful array company today 
must own its own wafer fabrication 
line. “Kitchen table" array design¬ 
ers may disappear when you con¬ 
sider the $15 to $30 million needed 
to invest in a full wafer fab facility 
today. 

At IMI, the philosophy is fairly 
simple—they hope to help their 
customer manage the risks of a 
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semi-custom array design. To ac¬ 
complish this, they depend exten¬ 
sively on CAD systems from Daisy 
Systems and software provided by 
Silvar-Lisco. With more than 600 
designs completed, IMI seems very 
well qualified to predict the future 
of the array business depending on 
service, CAD, and full wafer fab 
facilities. 

Interestingly enough, as a by¬ 
product of IMI's array experience, 
they have found it practical to de¬ 
velop a family of array-based stan¬ 
dard products. IMI now offers di¬ 
rect Si Gate CMOS replacements 
for the complete line of TRW high¬ 
speed bipolar multipliers with per¬ 
formances very close to the bipolar 
devices. This line of TRW devices 
has lacked a real second for some 
time, and now IMI offers not only 
direct replacements but lower pow¬ 
er (50 |jlW vs. several watts for the 
TRW 8x8 multiplier) CMOS ver¬ 
sions. This was more of a target of 
opportunity for IMI than a trend 
toward turning out standard prod¬ 
ucts based on gate arrays. 

Frank Deverse finds that the ma¬ 
jor problems facing the array pro¬ 
ducers today are improving the 
CAD software from bits and pieces 
into a total design solution, and 
creating better testing data. He 
places the greatest emphasis on 
service and feels that IMI must 
take full responsibility for convert¬ 
ing a design into silicon. 

IMI offers arrays in Standard 
Metal Gate CMOS and oxide iso¬ 
lated CMOS technology and have 
delivered arrays with a complexity 
of 5100 gates (Table 3). They use a 
hard macro cell design approach. 

LSI Logic 

Founded in January, 1981, LSI 
Logic is headed by Wilfred J. 
(Will) Carrigan, who ran Fairchild 
Semiconductor from 1974 to 1979. 
LSI Logic is perhaps one of the 
best funded start-up companies to 
enter the array market. LSI Logic 
offers both ECL and CMOS arrays 
(Table 4). No other products are 
being offered. 

LSI Logic has a very automated 
design process supported by an 
Amdahl computer and extensive 


Description 

Number 

of 

Cells 

1. Triple 4 i/p NAND 

2 

2. Dual 4 i/p NAND, 


single 3 i/p NAND 

3 

3. Triple 4/2 OR-NAND 

2 

4. Triple 2 i/p NAND 

1 

5. Dual 3 i/p NAND 

1 

6. 4/2 AND-NOR + 


single inverter 

1 

7. 4/2 OR NAND, 


or AND -I- inverter 

1 

8. Quad inverter 

1 

9. Triple 2 i/p NAND 


with complement 

2 

10. Triple 2 i/p NOR latch 

2 

11. 2:1 MUX 

1 

12. Triple clock buffer 

1 

13. Dual NAND latch + 


single 2 i/p NAND 

1 

14. 4 i/p NOR 

1 

15. Dual TRI-STATE R 

2 

16. Triple 2 i/p NOR 

1 

17. Triple 3 i/p NOR 


with complement 

2 

18. D flip-flop with set and 


reset 

3 

19. D flip-flop 

2 

20. D flow-through latch 

1 

21. Dual 3 i/p NOR 

1 

22. Triple 2 i/p NOR 


with complement 

2 


Table 7: National Semiconductor's SLX 
6324: typical functions available. 


CAD software. They do prefer that 
their customers perform their de¬ 
sign at their facility in Milpitas, 
CA. The user is first put through a 
training program in LSI Logic's de¬ 
sign procedure. During the training 
and subsequent design, they also 
assign an applications engineer to 
work with the customer on a full¬ 
time basis. The training and design 
cycle can be as short as three 
weeks for a silicon prototype. 

LSI Logic is now offering a cell 
library of 150 macro primitives for 
its CMOS products, and the cus¬ 
tomer is also able to create his own 
unique macros on the CAD sys¬ 
tem. They also use extensive color 
graphics editing during the design 
and simulation process to correct 
errors. A “Gate-Eater" is built 
into the design program to drop 
out unused macros. 

Rob Walker, vice president of 
engineering at LSI Logic, is very 
optimistic about the future of gate 
arrays. He pegs the market at near 


$1.5 billion by 1985. Walker is also 
outspoken on some things that the 
array manufacturers need to do to 
make it happen in an orderly fash¬ 
ion. Walker cites these key needs: 

(1) Standardization of interfaces 
and specifications for arrays 

(2) High level design language 

(3) Electronic breadboarding 

(4) Suppliers must remain ser¬ 
vice-oriented and get better 

(5) Education and training of us¬ 
ers must get better 

(6) Documentation must be 
improved. 

LSI Logic uses their own array de¬ 
velopment system for arrays called 
LDS-1 for LSI development system 
1. It is used for logic simulation, 
design verification, test pattern 
generation, layout and mask de¬ 
sign. Combined with the TEGAS 
simulation and partitioning soft¬ 
ware, this system is able to turn 
around complex designs in a few 
weeks (Figure 1). 

Dr. Donald Soderman, applica¬ 
tions engineering manager at LSI 
Logic, feels that the main advan¬ 
tage of their design system is that 
the user has an opportunity to 
completely verify the logic function 
of the array before it is built. Al¬ 
though LSI Logic prefers custom¬ 
ers to use its design facility, they 
also are willing to work with cus¬ 
tomers using their own CAD sys¬ 
tems. LSI Logic also has a remote 
design terminal available (very 
similar to the Motorola offering) 
for installation at the customer site, 
and as another option, they are 
willing to install a turnkey LDS-1 
development system in your facili¬ 
ty 

Mitel Semiconductor 

This Canadian semiconductor firm 
is doing some interesting ISO- 
CMOS array designs that can be 
used for random logic and piP bus 
oriented designs as well as per¬ 
forming simple analog/linear func¬ 
tions. Mitel uses a transistor cell 
design that permits dynamic or 
static logic and the use of transmis¬ 
sion gates. By using the switching 
characteristics of the CMOS tran¬ 
sistors, a simple comparator can be 
constructed with on-chip capacitor 
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Products 

Gates 

I/O’s 

Availability 

ACE 600 

600 

58 

Now 

ACE 900 

900 

70 

Now 

ACE 1400 

1400 

91 

Now 

ACE 2200 

2200 

120 

Now 

ACE 1320M* 

1000 

90 

Mid-’83 

*320 bits of RAM included, configurable as A x B, where A x B = 

320. 

Products 

Gates 

I/O’s 

Typ. Gate Delay 

8A1200 

1144 

36 

4 ns 

8A1260 

1144 

60 

4 ns 

8A1542 

1408 

42 

4 ns 


Table 8: (a) Signetics Advanced Customized ECL (ACE); (b) Integrated Schottky 
logic gate arrays. 


and resistor arrays to form simple 
operational amplifiers that can be 
used as A/D conversion or for ana¬ 
log interface. Three CMOS arrays 
are available from Mitel (Table 5). 

Motorola Semiconductor 

Producing gate arrays since the 
early 1970's, Motorola has a great 
deal of design experience in both 
bipolar and CMOS arrays. Motor¬ 
ola pioneered the hard macrocell 
(data book specified array macro¬ 
cells) approach and has been a 
leading advocate of customer inter¬ 
face throughout the design via their 
vast Western Area Computer Cen¬ 
ter in Phoenix. 

Motorola has also led the way in 
establishing remote design centers 
in the US and Europe. Eventually, 
Motorola expects to be able to of¬ 
fer remote design facilities in over 
100 regional sales offices in the US. 
Today, most Motorola customers 
have access to their computer cen¬ 
ter via the GTE Telenet system 
available in 200 or more cities, that 
provides local access via the error 
corrected data network. During 
1982, Motorola expects to cut its 
development cycle time from 9 to 7 
weeks, and by early 1983 to an 
average of 5 weeks. Shorter devel¬ 
opment turnaround is possible, but 
there is an extra charge. (Figure 2) 
Motorola Products : 

MCA 500 ALS: up to 533 gates; 
77 cells (24 major, 26 input, 27 out¬ 
put); 75 Macros in cell library; ba¬ 


sic gate delay 2.5 ns typical; power 
1.1W; technology-series gated ECL 
internal with TTL translators, 
LSTTL compatible. 

MCA 1300 ECL: up to 1192 
gates; 106 cells (48 major, 32 in¬ 
terface, 26 output); 109 Macros in 
cell library; basic gate delay 0.8 ns 
typical; power 4W; technology- 
series gated ECL MECL 10K 
compatible. 

MCA 1200 ECL: up to 1192 
gates; 106 cells (48 major, 32 inter¬ 
face, 26 output); 109 Macros in cell 
library; basic gate delay 0.8 ns typi¬ 
cal; power 4W; technology-series 
gated ECL MECL 10K compati¬ 
ble. 

MCA 1300 ALS: 1280 gates; 140 
cells (60 major, 40 input, 40 out¬ 
put); 75 Macros in cell library; ba¬ 
sic gate delay 2.25 ns typical; pow¬ 
er 1.6W; technology-series gated 
ECL internal with TTL translators, 
LSTTL compatible. 

MCA 2500 ECL: 2720 gates; 178 
cells (100 major, 68 output, no spe¬ 
cialized interface); 44 Micros de¬ 
fined; basic gate speed 300 pS: 
power not specified; technology-se¬ 
ries gated ECL 10KH and 100K 
ECL level compatible (new 
product). 

Planned Products: 

MCA 1000 RECL: 512-bit register 
file on a chip with up to 1000 custo¬ 
mizable peripheral gate cells, same 
macro library as MCA 2500 ECL. 
Scheduled for First Quarter 1983 
release. 


MCA 2800 ALS: 130 major 
cells; up to 2800 equivalent gates 
with 120 I/O parts. Scheduled for 
First Quarter 1983 release. 

In addition to these bipolar 
products. Motorola is also produc¬ 
ing 1200 and 6000 gate products in 
silicon-gate CMOS. 

National Semiconductor 

National, like many other array 
houses, is betting on CMOS and 
ECL dominating the array market. 
Denny Sabo, National's gate array 
marketing director, hopes to see 
dual metal-oxide isolated CMOS 
devices with 1 ns gate delays by the 
end of 1982 with 2|jl geometry 
products. National departs some¬ 
what from the main body of array 
suppliers by insisting that its cus¬ 
tomers provide CAD compatible 
inputs. National is not willing to 
accept designs that are simply at 
the partitioned logic level because 
they feel that most of their custom¬ 
ers want to interface directly at the 
CAD level. 

National is planning a world¬ 
wide network of CAD centers with 
Santa Clara, Munich, and London 
now in operation. Boston will be 
added in the very near future, fol¬ 
lowed by 6 to 8 other regional cen¬ 
ters in the US. For larger custom¬ 
ers, National will also provide a 
portable CAD system for installa¬ 
tion at the customer’s site. These 
systems range from a simple B&W 
graphic entry system for $18K. 
Adding a printer and plotter moves 
the price up to about $3()K, while a 
full color graphics system with edit¬ 
ing costs $75,000 when purchased 
from CDC. 

An average 4- to 6-week turna¬ 
round is claimed by National using 
the design system with the custom¬ 
er entering and simulating the ar¬ 
ray design. An added 8 weeks or 
more is required for NSC to route 
and place the array and to check 
the simulation. Shorter turnaround 
can be arranged at higher cost 
(Motorola offers a similar extra 
charge to shave turnaround.) 

Hard macro cells are used in Na¬ 
tional's ECL arrays consisting of a 
library of 41 cells. NSC also offers 
a soft macro option to build macro 
cells into higher order functions us- 
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ing a software route and place 
technique. 

These higher order functions 
have an upper limit of 100 gates. 
For example, a CMOS 4006 device 
can be duplicated on an array using 
100 gates or 20 macro cells. A 
74157 can be created using 20 gates 
or about 5 macros, and many other 
standard TTL and CMOS functions 
can be reproduced in a similar 
fashion. (Products are shown in 
Table 6). 

The SLX 6324 is a high speed 
2.4K gate. Si gate CMOS array. 
The array itself is composed of 795 
cells organized in 15 columns, 53 
cells deep. The sample library pro¬ 
vided in Table 7 defines the basic 
functions available now. The li¬ 
brary will be extended to 80-100 
functions in the near future. In ad¬ 
dition, any functions essential to 
the user and not available in the 
listings (when required) can be 
readily incorporated. 

In addition to this listing, ‘'soft¬ 
ware functions" will be provided; 
i.e. various denominations of 
counters, shift registers, arithmetic 
logic, etc. 

The user may typically utilize up 
to 80% of the cells to create any 
option. As the number of cells per 
basic function is provided, the user 
may readily interpret the total utili¬ 
zation of the array for his logic 
configuration. 

Signetics/Philips 

Signetics has been in the bipolar 
array business since 1978 combined 
with its parent company, N.V. 
Philips. At present, Signetics sup¬ 
plies ECL and Integrated Schottky 
Logic arrays up to 2100 gate com¬ 
plexities, and by the end of 1982 
they will complete the introduction 
of four new Silicon Gate CMOS ar¬ 
rays ranging from 250 to 1800 
gates. 

Herb Jesse, bipolar arrays mar¬ 
keting manager at Signetics, sees 
savings to the systems house aver¬ 
aging 60% or more using gate ar¬ 
rays. Jesse goes way out, placing 
the market for arrays at $7 billion 
by the end of this decade. 

Signetics has a well defined cus¬ 
tomer interface program beginning 
with the customer defining his 


t4> 


Type 

Gates 

Gate Delay 

TAT004 

540 

2.5 ns 

4 micron 

TAT008 

1080 

2.5 ns 

TAT010 

1260 

1 ns ] 

^ 2 micron 

TAT020 

2420 

1 ns j 

TAL002 

320 

5 ns 

i Low-power 

TAL004 

500 

5 ns j 

| Schottky TTL 


Table 9: Tl Advanced Schottky Transistor Logic. 


product and producing a basic logic 
diagram (typically in scries 7400 
logic functions). Three or four days 
of customer training are provided 
at the Signetics plant in Sunnyvale, 
CA where the customer learns how 
to implement the logic and do sim¬ 
ulation with Signetics’ supplied 
software. At this point, the cus¬ 
tomer may elect to use the Signe¬ 
tics IBM 3033 computer or his own 
system, which can be as simple as a 
TI Silent 700 terminal connected to 
the Signetics computer via GTE 
Tele-Net. Signetics prefers the cus¬ 
tomer to use the logic simulation to 
verify logic performance. They 
have a logic check program called 
LOCKER. 

Once the simulation has been 
completed, either the customer or 
Signetics can do the automatic 
place and route on a Calma sys¬ 
tem. If the customer prefers, he 
has the option of doing manual in¬ 
terconnect of both levels of metal 
at this point. For arrays under 1000 
gates, manual interconnect is feasi¬ 
ble; above 1000, it gets very diffi¬ 
cult. Customers electing to do their 
own routing can make substantial 
savings. 

Numerous CAD checks are built 
into the Signetics design system. 
TEGAS is the basic design pro¬ 
gram, but it is supplemented with a 
program called GASPAR that 
checks for design rule violations. 
The LATCH program matches 
chip layout with the simulation to 
make sure logic has not changed. 
Actual wire delays are measured 
by the WIGIT program and are 
used to update the simulation to 
provide exact AC performance pa¬ 
rameters. Another program, SEN- 
GEN, generates test tapes for a 
Fairchild SENTRY tester. 

All this can happen in as little as 


8 weeks; however. Herb Jesse cau¬ 
tions the first-time array designer 
to allow much more time until first r 
samples are delivered. Develop¬ 
ment costs can range from $16K to 
$40K, and the high number is most 
likely for a first design. Of course, 
the development cost can be amor¬ 
tized over the production volume. 

Most of the arrays offered by 
Signetics are being produced by 
Philips in Europe. The ECL and 
ISL arrays are actually manufac¬ 
tured by RTC, a Philips subsidiary 
in France. CMOS wafers are being 
fabricated in Germany and metal- 
ized by Signetics US. All Signetics 
CAD is performed in Sunnyvale. 
There is little doubt that Signetics/ 
Philips can mass produce and in¬ 
ventory the same uncommitted log¬ 
ic arrays around the world and pro¬ 
duce the finished product in every 
country. * 

Designs at Signetics are accom¬ 
plished via the hard macro ap¬ 
proach using the double level met¬ 
al. Signetics also offers a variation 
called “Composite Cell" Logic 
similar to the macro cell approach 
based on 7400 series TTL func¬ 
tions. Up to 200 cells are available, 
and total gate count is under 500. 

This Composite Cell approach is 
aimed at lower complexity 100 to 
200 gate applications and offers a 
variable chip size depending on the < 
number of cells used. It may be 
more efficient for implementing 
smaller functions, but it costs more 
since the entire process is custom¬ 
ized, requiring more masks, etc. 

The design cycle is about the same 
as a full gate array, but turnaround 
is also longer since each design 
starts with a blank wafer. 

Signetics 700 Family Silicon Gate 
CMOS: 

Silicon gate CMOS is just being 
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Designation 

Chip Size 

Gate Count 

Bonding Pads 

Tpd Toggle Rate 

Proto Cost* 

ISO-6A 

118x140 

360 

44 

3ns 

30MHz 

$ 6,500 

ISO-6B 

132x167 

540 

58 

3ns 

30MHz 

$ 8,200 

ISO-6C 

159x167 

720 

64 

3ns 

30MHz 

$ 9,500 

ISO-6D 

161x208 

960 

70 

3ns 

30MHz 

$12,000 

ISO-6E 

188x208 

1200 

74 

3ns 

30MHz 

$16,000 

ISO-6F 

188x244 

1500 

80 

3ns 

30MHz 

$18,000 

ISO-3A 

118x140 

360 

44 

Ins 

75MHz 

$ 8,800 

ISO-3B 

132x167 

540 

58 

Ins 

75MHz 

$11,000 

ISO-3C 

159x167 

720 

64 

Ins 

75MHz 

$12,800 

ISO-3D 

161x208 

960 

70 

Ins 

75MHz 

$16,200 

ISO-3E 

188x208 

1200 

74 

Ins 

75MHz 

$21,500 

ISO-3F 

188x244 

1500 

80 

Ins 

75MHz 

$24,500 


*Universal is one of the few array companies to publish its prototype costs. 

The prices shown are for customer supplied layout. 

Table 10: Universal Semiconductor ISO 3/6 family of high speed CMOS gate arrays. 


introduced by Signetics, and it will 
consist initially of 450 and 1100 
gate products. By year end, 250 
and 1800 gate arrays will be added. 
These arrays use the same oxide 
isolated CMOS process as the Sig¬ 
netics 4000 series LOCMOS. Gate 
delays range from 5 to 15 ns, but 
process improvements and smaller 
geometries will reduce delays to 
the 2.5 to 8 ns range by the end of 
the year (product range is shown in 
Table 8) 

Texas Instruments 

TI, of course, claims to have origi¬ 
nated the concept of logic arrays 
back in the early 1960's, and they 
have several basic patents to prove 
it. One granted to Jack S. Killy, 
(the co-inventor of the integrated 
circuit) in 1972, describes the com¬ 
puter-aided interconnection of a 
matrix of logic cells. However, 
with all of this background, TI has 
only managed to announce six ar¬ 
rays, with the two most recently 
announced arrays being only 320 
and 500 gate, low power Schottky 
TTL. 

TI uses both junction isolated 
(4|jl) and oxide isolated (2|jl) 
Schottky TTL for its arrays. TI cus¬ 
tomers are required only to de¬ 
scribe their LSI array requirements 
in two high-level structured design 
languages provided by TI—HDL 
and TDL. HDL (Hardware De¬ 


scription Language) permits a be- 
havorial as well as structural de¬ 
scription of the designer's logic 
function. In addition, predesigned 
software functions are available to 
implement over 70 standard digital 
IC's. TDL (Test Description Lan¬ 
guage) is used to describe the re¬ 
quired input stimuli and output re¬ 
sponse characteristics of the 
desired custom function to develop 
test programs. 

Design support is available from 
the TI Houston facility and from 
five TI Regional Technology Cen¬ 
ters located in Boston, Chicago, 
Atlanta, and northern and south¬ 
ern California. Additional design 
support is provided by pre-dehned 
functions that are equivalent to 
many standard low-power Schottky 
TTL functions. The soft macro li¬ 
brary also has new functions which 
take advantage of unique features 
of ASTL and STL technology. The 
HDL macro library facilitates con¬ 
version from standard low-to-mod- 
erate complexity functions to 
achieve a specific LSI array system 
implementation. 

TI, like Signetics and Motorola, 
has a vested interest in the discrete 
TTL and CMOS SSI/MSI market 
which may be severely impacted by 
gate arrays. All of these companies 
are producing arrays to minimize 
their future risks. Motorola has 
taken the most aggressive position. 


followed closely by Signetics. It is 
almost certain that TI has some 
very big designs on the array mar¬ 
ket very soon. The products an¬ 
nounced so far may just be TI's 
beachhead in arrays to buy time to 
develop a more comprehensive 
product line (Table 9). It is doubt¬ 
ful that a company like TI will ig¬ 
nore CMOS arrays. 

Universal Semiconductor 

Founded in late 1979, Universal 
Semiconductor has been producing 
metal gate CMOS arrays since ear¬ 
ly 1980. Like many of the newer 
companies dedicated to only the 
gate array business. Universal has 
its own 4" wafer fab facility. 
George Stephan, Universal's presi¬ 
dent, firmly believes that the gate 
array business will remain a ser¬ 
vice-oriented business and that cus¬ 
tomer participation throughout the 
design process is critical. Stephan 
admits that the level of participa¬ 
tion is variable, but more is better 
on the customer's part. 

USI has one of the most com¬ 
plete design manuals available to 
lead the user through the design 
process. Universal is also one of 
the most flexible companies in 
terms of what type of input they 
will accept and in how the custom¬ 
er participates in the design pro¬ 
cess. Every approach is offered 
from color pencils and mylar over¬ 
lays through the most sophisticated 
CAD system entry levels. Stephan 
also points out that a customer 
willing to do more of the design on 
his own can save money on the 
tooling costs. 

Universal has also produced ar¬ 
rays using Si Gate NMOS for game 
applications, but today its product 
line consists of Si Gate and Metal 
Gate CMOS products ranging from 
360 to 1800 gates with both 3|jl and 
5|jl channels (Table 10). Their hard 
macro library consists of about 100 
defined macro functions. 

George Stephan doubts that any 
competent company in the array 
business can avoid being success¬ 
ful. One of the main problems that 
Stephan sees relates to the educa¬ 
tion of customers to accept the fact 
that they can really do their sys¬ 
tems in silicon. □ 
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Graphics System Design 


High Graphics Performance 
Through Multiprocessor Architecture 


The multiprocessor architecture 
of Florida Computer Graphics' 
Beacon system was developed to 
meet the performance needs for 
an interactive color graphics 
workstation in current and future 
applications, now only vaguely 
defined. The primary need was 
for high-performance graphics 
that could be easily merged with 
data and word processing applica¬ 
tions. From the user's point-of- 
view, the performance goal was a 
system that could paint a high res¬ 
olution (640x480) color screen 
with graphics intermixed with text 
in nearly the same amount of time 
that an ordinary 1920-character 
terminal screen could be painted. 

This performance goal was met 
with the system design shown in 
Figure 1, which uses a Z80A ad¬ 
ministrative processor (AP), a 16- 
bit bit-slice graphics processor, 
and intelligent disk controllers. 


Other pPs control the keyboard 
and the function keys along the 
bezel of the display. 

A single processor design was 
determined to lack the graphics 
performance needed by the envi¬ 
sioned applications. Two bottle¬ 
necks limit the performance of 
single processor designs. The first 
is the computational horsepower 
that is needed when graphics gen¬ 
eration is performed by software. 
The second is processor involve¬ 
ment in I/O operations, which is 
especially severe with floppy disk¬ 
ettes. 

The multiprocessor approach 
solves these two problems. The 
increase in computational power 
for graphics may be quickly dem¬ 
onstrated: 8-bit commands in the 
Z80 take from 4 to 21 cycles to 
execute—that is, roughly between 
1 and 6 ns per command. Floating 
point operations and algorithm- 


based graphics functions are even 
slower. A faster 16-bit administra¬ 
tive processor performing graph¬ 
ics may reduce the time required, 
but not sufficiently. The dedi¬ 
cated graphics processor, on the 
other hand, executes a 48-bit mi- 
crocoded command in 200 ns. 
With a complex algorithm such as 
the one controlling area fills, the 
performance advantage of the 
graphics processor may exceed 
one hundredfold. 

Architecture 

The administrative processor was 
chosen for its speed and effi- 

Figure 1: The multiprocessor architec¬ 
ture of Florida Computer Graphics' 
Beacon system includes a Z80A ad¬ 
ministrative processor , a 16-bit bit- 
slice graphics processor , intelligent 
disk controllers , plus other \xPs to 
control the keyboard and function 
keys. 


FLORIDA COMPUTER GRAPHICS 
Multiprocessor Architecture 
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Graphics System Design 


ciency, its well-developed com¬ 
mand set, and the availability of 
the CP/M operating system and 
other software. Other processors 
were considered and eliminated 
by lack of software or support 
chips, or by complexity beyond 
that required by the application. 

The administrative processor is 
configured with 128K RAM, ex¬ 
pandable to 256K RAM, and sup¬ 
ports two RS-232 ports (one asyn¬ 
chronous, one asynch or synchro¬ 
nous), a Centronics-compatible 
parallel port, a parallel port for 
digitizers or other parallel I/O de¬ 
vices, and an RS422 port support¬ 
ing a subset of the SDLC proto¬ 
col, which is presently used for 1/ 
O to disks. 

The graphics processor is based 
on AMD 2900-series components 
to form a 16-bit bit-slice processor 
controlled by 48-bit microcode. 
The 48-bit microcode allows a 
number of operations to be ex¬ 
ecuted simultaneously in a 200 ns 
cycle. Specific instructions for 
drawing vectors, arcs, rectangles, 
and polygon fills, as well as math¬ 
ematics operations are micro- 
coded. 

A memory management unit 
uses the highest 4 bits of an ad¬ 
dress to enter a 16 x 8 sector look¬ 
up table. The 8-bit result is con¬ 
catenated with the lowest 12 bits 
to form a 20-bit physical address 
space, divided as 256 4096-bvte 
sectors. 

The administrative processor 
communicates with the graphics 
processor through memory. When 
the AP encounters a graphics 
command, it passes the command 
and all associated parameters to 
graphics memory. The Z80A per¬ 
forms range checking and other 
validation checks on the param¬ 
eters. The graphics processor 
polls a command register in 
graphics memory and, upon find¬ 
ing a command, begins to decode 
and execute it. Floating point 
arithmetic and integer multiply/di¬ 
vide operations are similarly 
passed and executed. The graph¬ 
ics processor informs the adminis¬ 
trative processor when it has com¬ 
pleted execution through either a 


status register or by sending an 
interrupt. 

Graphics memory may be ac¬ 
cessed by the AP, the graphics 
processor, the CRT controller, 
and a refresh unit. Graphics 
memory is arranged as 640 x 480 x 
5-bit pixels, expandable to 1280 x 
960 x 5; or, when used by the AP, 
as 160 Kbytes RAM plus parity, 
expandable to 640 Kbytes plus 
parity. There are 100 16K or 64K 
RAM chips, which are read 
broadside, yielding 100 bits/read. 
The CRT controller gets at least 
every other memory cycle. A sep¬ 
arate refresh unit relieves the 
graphics processor of refresh du¬ 
ties, thus maintaining perform¬ 
ance. The design allows the ad¬ 
ministrative processor to access 
the graphics memory plus its own 
memory, which yields up to 896 
Kbytes for very large applica¬ 
tions. The instruction loops for 
the graphics processor were opti¬ 
mized for the every-other-cycle 
availability of memory. 

To eliminate another bottle¬ 
neck— disk transfers—the Bea¬ 
con's disk controller is an intelli¬ 
gent device based on a Z80A with 
16 Kbytes memory. Serial I/O 
(SIO) and Direct Memory Access 
(DMA) chips in the controller 
and the administrative processor 
establish transfers with minimum 
administrative processor involve¬ 
ment. The AP places disk com¬ 
mands and parameters into mem¬ 
ory. The SIO chips establish the 
transfers, and the DMA chips es¬ 
tablish addresses. 

The intelligence in the disk con¬ 
troller aids in disk reliability and 
can greatly speed disk transfers. 
Reliability is enhanced by fast and 
easily variable disk error retry 
procedures, and by an error log¬ 
ging facility that can be used to 
build a record of error messages 
in main memory. Speed is en¬ 
hanced by lookahead buffering 
which reads additional sectors of 
disk into the controller memory, 
greatly speeding accesses when 
the next disk operation is sequen¬ 
tial, as in program loading. 

The line is a high speed RS422 
line, with communications for¬ 


matted according to a subset of 
the SDLC protocol. This differen¬ 
tially-driven communications was 
chosen for applications requiring 
sizeable distances between sta¬ 
tions, and the synchronous trans¬ 
mission decreases the overhead of 
the AP. 

Modular Design 

The Beacon's multiprocessor ar¬ 
chitecture was designed so that 
future growth in performance 
could be easily achieved. The ad¬ 
ministrative processor by itself 
can function as a color graphics 
computer, albeit much more 
slowly than with the graphics pro¬ 
cessor. The intelligent disk con¬ 
trollers are also complete micro¬ 
computer systems. The system 
designers were free to choose all 
processors according to their suit¬ 
ability for their specific tasks. 

John B. Cottrili VP R&D 
and Joseph D. Lamm , 
Principal Engineer , 
Florida Computer Graphics. 

Write 197 


Digital Design Launches 
Graphics Column 

In this issue. Digital Design inau¬ 
gurates a new section: Graphics 
System Design. Graphics System 
Design focuses on problems en¬ 
countered by system designers at¬ 
tempting to evaluate and then in¬ 
tegrate graphics hardware and 
software products. In addition, 
the column examines some of the 
design philosophies behind var¬ 
ious products, how these ap¬ 
proaches affect the end product, 
and what this means to the system 
designer. 

Simultaneously, the subject of 
compatibility, covered by Compat 
Design, the column formerly oc¬ 
cupying these pages, has out¬ 
grown its space. As a result, we’re 
devoting a special 13th issue to 
the subject. The Computer Com¬ 
patible Directory, available in 
October, features articles and 
directory listings aimed at the 
compatibility problems encount¬ 
ered by system designers integrat¬ 
ing products from a variety of 
manufacturers. 
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Innovative Design 


Winchester Controller Designed for Multitasking Systems 


Enhanced Winchester disk drive 
performance and capacities have 
helped enlarge the application of 
IjlCs from single-user, single func¬ 
tion systems to multi-user, multi¬ 
function systems. With Adaptec's 
announcement of the ACS-500, a 
set of 5 LSI devices, the ACB- 
2000 series of controller boards 
and a Winchester controller chip, 
the company is offering the sup¬ 
port of multi-tasking operating 
systems required by these ad¬ 
vanced applications. 

The ACS-500 5-chip set in¬ 
cludes four proprietary LSI de¬ 
vices and an EPROM containing 
the microcode for operation of 


the four proprietary chips in a 
SASI bus environment. The four 
proprietary chips include all con¬ 
trol and data handling functions 
for Winchester drives and are di¬ 
vided into logical blocks, includ¬ 
ing the encode-decode function 
for MFM; sequence and serializa¬ 
tion/deserialization; voltage con¬ 
trolled oscillator; and a dual-port¬ 
ed buffer control which allows a 
FIFO-type multi-sector buffering. 

The ACS-500 chip set is de¬ 
signed for high performance drive 
and system manufacturers who 
desire to lower their recurring 
costs by manufacturing their own 
boards. Adaptec will provide 


these volume manufacturers PCB 
design and manufacturing infor¬ 
mation along with a manufactur¬ 
ing license. Adaptec says a com¬ 
plete board can be manufactured 
using the 5-chip set with the addi¬ 
tion of only one 8085 and 22 low 
cost, off-the-shelf chips. The chip 
set is priced at $190 in quantity 
1000. Complete Adaptec-manu¬ 
factured controller boards can be 
purchased for $350 in quantity 
500. Both products will be avail¬ 
able for evaluation at the end of 
September. 

A dap tec, 1625 McCarth v Blvd ., 
Milpitas , CA 95035. Write 198 
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Wescon 82 -New Products 
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The following are some of the New 
Products that may be seen at Wescon 
'82, September 14-16 in Anaheim, 
CA. 

MINIATURE SWITCHES 

Wave Solderable Units 

Mr. Clean II is a wave solderable, 
contamination-free, miniature slide 
switch. It features: 2-piece assembly; 
eliminates solder flux and cleaning re¬ 
sidue problems; insert molded base; 
gold contacts for reliability; standard 
configurations include SPST, SPDT. 
DPST. DPDT and Form "Z": and is 
compatible with fiuorinated, chlorin¬ 
ated and aqueous cleaning methods. 
$.62 ea. in 1000 qty in SPST version. 
Chicago Switch Inc, A Subsidiary of 
Illinois Tool Works Inc, 1714 N. Da- 
men Ave, Chicago, IL 60647. 

Write 128 

LCD’s 

80, 160 And 320 Characters 

T.he Intelligent Modules E A - 
Y80015AT, EA-Y80025AT and EA- 
Y80040AT feature 80, 160, and 320 
characters (1 line x 80 char/line, 2 
lines x 80 char/line and 4 lines x 80 
char/line respectively) in 5x7 dot ma¬ 
trix formats with cursor. They feature 
character heights of 0.133" (less cur¬ 
sor) and display up to 96 ASCII char¬ 
acters which are contained in the “on¬ 
board Character Generator." In 
addition to its row and columns driv¬ 
ers, other on-board features include 
Data RAM and Display Data Con¬ 
troller. Epson America Inc, 3415 
Kashiwa St, Torrance, CA 
90505. Write 129 

PULSE GENERATOR 

Dual Channel and Summing Options 

Model 2021 is a single channel, 20V 
p-p, 50 MHz pulse generator with 
variable rise/fall (transition) times 
from 5 ns. Model 202IDS is a dual 
channel, summing pulse generator. In 
summing mode, the 202IDS can de¬ 
liver a 40V p-p output pulse. Stan¬ 
dard features include “Autocar con¬ 
tinuous automatic calibration of 
frequency, voltage levels, delay and 
width. Other features are user-friend¬ 
ly controls and display and IEEE 488 
interface for remote control and read¬ 
out. The 202 Ts memory can hold up 
to 10 store/recall messages or com¬ 
plete settings for a particular pulse 
signal. The 2021DS provides a second 


output channel with independently 
programmable voltage levels, output 
impedance, waveform, delay width, 
duty cycle and transition times. Inter¬ 
state Electronics Corp, Signal Source 
Operations, 1001 E. Ball Rd, PO Box 
3117, Anaheim, CA 92803. Write 130 

EPROM PROGRAMMER 

Multi-Master Production 

The IM3016 can program up to 16 
different EPROM images at one 
time. Multi-Master programming al¬ 
lows manufacturing and development 
engineers to create in one operation 
the entire set of PROMs used in their 
computer products. When EPROMs 
used for micro-computer memory are 
programmed in sets as opposed to 
multiple copies of one master, the 
programming time, EPROM inven¬ 
tory requirements and personnel han¬ 
dling can be significantly reduced 
from that needed by a universal or 
gang PROM Programmer. Complete 
system prices with one module start 
at $6900. International Microsystems 
Inc, 11554 C Ave, Auburn, CA 
95603. Write 131 

SWITCHES 

Lighted Manual Pushbutton Units 

The Series 50 lighted manual push¬ 
button switches offer a choice of solid 
state or mechanical pushbutton con¬ 
trol switches and matching indicators. 
Available with LED, incandescent, 
non-illuminated, and a selection of 8 
colors, 3 different display methods 
and custom legending to provide 
complete display flexibility. Licon, 
Div. of Illinois Tool Works Inc, 6615 
W. Irving Park Rd, Chicago, IL 
60634. " Write 132 

ANALOG MULTIPLEXER 

Operates With 300V CMV 

With 12 input ranges from 5mV to 
10.24V (f-s), the Series 430 features 
0.05% accuracy, sample rate to 200 
channels/sec and includes a two-pole, 
passive R-C filter on each channel for 
noise rejection. Other components in¬ 
clude a programmable gain amplifier, 
12 or 14-bit ADC. I/O interface and 
associated control logic. The comput¬ 
er can sample input channels in se¬ 
quence or at random. Channel capac¬ 
ity is established by the number of 16- 
channel multiplexer cards installed, 
up to 16 per assembly. From $6800 
for 16 channels. Neff Instrument Corp, 
700 S. Mvrtle Ave, Monrovia, CA 
91016. Write 133 


ROTARY SWITCHES 

Sealed Against Contaminants 

The series 500 are sealed Vi diameter 
rotary switches that surpass military 
communications requirements (MIL- 
S-3786) as well as the demand for 
high reliability in civilian communica¬ 
tions systems. The Series 850 switches 
are only 0.850 in. sq. In addition to 
being sealed against wave soldering 
contaminants and solvents, they fea¬ 
ture a life expectancy of 50,000 cycles 
(minimum) and resistance to shock 
and vibration. Also available is an 81- 
position FTM keyboard that com¬ 
bines the price and reliability of mem¬ 
brane keyboards with the industry 
standard, human engineered feel and 
touch of a full-travel key design. Oak 
Switch Systems Inc, PO Box 517, Cry¬ 
stal Lake, IL 60014. Write 134 

POWER SUPPLY 

Regulates Switcher Output Voltage 

The EVD-65 Series multiple output 
switching regulated power supply in¬ 
corporates a control reactor and pro¬ 
grammable zener to regulate output 
voltage, thereby eliminating the tradi¬ 
tional control chip. Input EMI filter¬ 
ing meets FCC 20780 Class B and 
VDE 0871/6.78 Level B. The series 
provides 65W of continuous output 
power and up to 90W peak power. 
DC outputs are +5V @ 6A, + 12V 
@ 2.0A and -12V @ 1.0A. They 
can also be customized to produce 
various output power ratings within 
their maximum continuous output. 
$159 (1-10). Power Mate Corp, 514 S. 
River St, Hackensack, NJ 07601. 

Write 135 

DIGITAL MULTIMETER 

With Bus Interface 

As a Talker, the 6500B can send mea¬ 
surement data, including function and 
range information, over the standard 
IEEE-488 bus. It can interrupt the 
controller using SRQ when a mea¬ 
surement is complete. It is also capa¬ 
ble of reporting status information via 
a Serial or Parallel Poll. As a Listen¬ 
er, the 6500B can be triggered by the 
controller for single measurements, 
or measurements can be made on a 
timed basis. In addition, the LCD dis¬ 
play can be commanded by the con¬ 
troller to display numbers or individ¬ 
ual segments for status messages. 
Average sensing Model 6502B, $905; 
RMS sensing Model 6504B, $925. 
Weston Instruments, 614 Frelinghuy- 
sen Ave, Newark, NJ 07114. Write 138 
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New Products • COMPUTERS/SYSTEMS 


MICRO PACKAGES 

Includes A Quay Desk-Top [xC, 
Conversational Terminal And Cabling 

Applications for the 3 packages in¬ 
clude data collection, word process¬ 
ing, accounting and planning func¬ 
tions. The Model 500T system in¬ 
cludes a Quay Model 500 |jlC with 64 
Kbytes of dynamic RAM and a CP/M 
2.2 disk operating system with Quay 
utilities. It has serial and parallel line 
printer ports and two 5!4" floppy disk 



drives providing 400 Kbytes of stor¬ 
age capacity. Model 520T has two 
double-sided, double-density drives 
for 800 Kbytes of storage. The 1.6 
Mbyte system is the Model 540T 
package. The conversational terminal 
has an 80-character x 24-line display 


format. Quay Corp, 527 Industrial 
Way W., Eatontown, NJ 07724. 

Write 149 


CP/M SOFTWARE 

Series Of Housekeeping Programs 
In One Package 

CPM POWER is a series of 45 user 
friendly housekeeping CP/M pro¬ 
grams in one 12k package. They 
range from a menu function to save 
you from typing mistakes to the most 
sophisticated monitor available for a 
|xCT. Users can transfer files without 
typing file names, the computer does 
it. Files are selected by number from 
a screen menu, erase and type out 
files to screen or printer, and run pro¬ 
grams from the same numbered 
menu. It also allows errors to be cor¬ 
rected with a reclaim function that re¬ 
stores accidentally erased files. A disk 
test function salvages glitched or fla- 
key disks by gathering bad sectors 
into a special invisible file. Available 
in all disk formats at $149. Comput¬ 
ing!, 2519 Greenwich, San Francisco, 
CA 94123. Write 141 


A Smaller Alternative. 



PDNER + 


JTGR Electronics 

1640 Fifth Street. Santa Monica, CA 90401 

Phone: (213) 395-4774 -Telex: 652337 (BT Smedley SNM) 


The silent, solid-state terminal has 
a 40-key, positive click-response keyboard. 
From its 32-character internal memory it 
displays eight bright 16-segment LED 
characters through a one-line window. 

You may select from two alternate 
display modes. Entries may be in any for¬ 
mat required, and all memoiy data can be 
edited as desired. 

Miniature switches allow selection of these 
options • Single or dual stop bits • Parity 
bit SET/RESET/EVEN/ODD* 300/110 baud 
transmission rates • Control code response 
ENABLE/DISABLE. 


• Compact, Lightweight, Fully Portable 

• 40 Multi-Function Keys 

• 32-Character Memory 

• Format-Controllable Input & Output 

• Memory/Oisplay Editing 

• Large Eight-Char. LEO Display 
Readable from 6 ft. Distance 


• Full 128-Char. ASCII Transmit/Receive 

• Two Selectable Transmission Rates 


Need a quick, easy way to talk to a computer? 
Here's a hand-held, fully portable computer 
terminal that gives instant access to any 
ASCII transmitting data system with an 
RS232 interface. It’s the revolutionary G.R. 
Electronics Pocket Terminal. 


Pocket Terminal 


MicroDrive 



DC 100 CARTRIDGE DRIVE 
HAS SMART I/O 

MicroDrive/OEM now features a micro pro¬ 
cessor based I/O. This unit performs all con¬ 
trol and formatting for quick systems 
integration. A high level command set (22 com¬ 
mands) allows full peripheral status for the 
model 1251 O. Serial and parallel options are 
available priced as low as $400 in OEM qty. 

MOYA CORPORATION 

9001 Oso, Unit B 
Chatsworth, Ca. 91311 
Tpl: (213) 700-1200 


Write 41 on Reader Inquiry Card 



INTERNATIONAL RFI 
POWER LINE FILTERS 

New international RFI power line filters with in¬ 
tegral CEE-22 connectors are recognized, ap¬ 
proved, or tested by UL, CSA, SEV, SEMKO, 
and VDE. Available in 1,2, 4, and b amp con¬ 
figurations, all filters offer common mode at¬ 
tenuation of at least 40 dB from I-IOO MHz. Be¬ 
cause they satisfy both European and North 
American test agencies, these filters may be 
used interchangeably in equipment made for 
domestic or export markets. SEE US AT WES- 
CON/82, BOOTH 2251-2257. 

Panel Components Corporation 
P. O. Box 6626 
Santa Rosa, CA 95406 
707/523-0600 


Write 42 on Reader Inquiry Card 


ENGINEERS 

YOU RE WORTH YOUR WEIGHT 
IN GOLD 

SEND YOUR RESUME IN 
CONFIDENCE 
AND EXPLORE SUNBELT 
OPPORTUNITIES WITH THE 
SPECIALIST 

IN ENGINEERING PLACEMENT!! 

OVER 1000 TECHNICAL 
OPENINGS QUESTIONS. 
HANDWRITTEN RESUMES 
WELCOMED 

MIKE MILLER & ASSOCIATES 
6006 Rancho Mission Rd. 
Suite 283 

San Diego, CA 92108 
714-584-1905 


Test Circuit Eng’s.24-40 K + 

Communications Eng’s 25-47 K + 

Hardware Eng’s.25-47 K + 

Software Eng’s.25-45 K + 

Microwave Eng’s.25-52 K + 

Electronic Warfare 

Eng’s.25-58 K + 

LSI Design Eng’s.25-55 K + 

Semi Conductor Eng’s 25-64 K + 

R.F. Design Eng’s.25-46 K + 

Production Eng’s.25-41 K + 

Manufacturing Eng’s... 25-50 K + 
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Write 49 on Reader Inquiry Card 
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COMPUTERS/SYSTEMS 
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DATA COLLECTION 

Multi-Task, Multi-Processor System 

The NP9000 collects telephone call 
records from remote locations and 
stores the information on two mag¬ 
netic tapes at a central point. Each 
tape will store up to 435,000 call re¬ 
cords. Designed for sophisticated 
telecommunication and data network 
applications, the NP9000 provides 
centralized collection of the station 
message detail record (SMDR) data, 
which when processed, enables a tele¬ 
communication manager to: track all 



phone calls made from every corpo¬ 
rate or field location on the basis of 
usage; optimize the configuration of 
network facilities; and look for calls 
that do not appear to be legitimate 
business calls. General Dynamics Com¬ 
munications Co., 10151 Corporate Sq, 
St. Louis, MO 63132. Write 145 

VAX DBMS 

User-Friendly System 

OMNIBASE is a complete end-user 
Database Management System for 
the VAX/VMS family of computers. 
User-friendliness is achieved with a 
complete relational model. The Inter¬ 
active Query Language (IQL) front- 
end contains direct buffer editing with 
the user’s choice of VAX editor, abil¬ 
ity to execute VAX DCL commands 
from the IQL prompt level, and a so¬ 
phisticated macro expansion capabili¬ 
ty for user-defined abbreviated com¬ 
mands. It also interfaces with the 
VAX Digital Command Language 
(DCL) and the VAX Forms Manage¬ 
ment System (FMS); and, includes 
Embedded Query Language (EQL) 
preprocessors for both VAX-FOR- 
TRAN and VAX-COBOL. The 
VAX-COBOL preprocessor supports 
all VAX-COBOL data types includ¬ 
ing large number (18 decimal digit) 
representation. Signal Technology Inc, 
5951 Encina Rd, Goleta, CA 
93117. Write 151 


YOUR SOURCE 
FOR MINIPRINTERS 

40 COLUMNS AND UNDER 



Unmatched Reliability 


INTELLIGENT (MICROPROCESSOR-CONTROLLED) 


■D Printer Products 

LB A DIVISION OF CAPITOL CIRCUITS CORPORATION 


The most complete line in the industry. 

We specialize in the manufacture of intelligent (microprocessor-controlled) 
plain paper dot matrix printers, dataloggers, financial transactors, slip/document 
and label printers ready to interface with any application you have. Our dot 
matrix heads print tens of millions of trouble-free'characters for unsurpass¬ 
ed reliability. 

If by chance the printer or interface you need for your OEM equipment, 
user-designed system, or retail application is not in our FREE catalog, we’ll 
custom design to your specifications. Send for the catalog today. Or call: 
617-787-2030 and ask for the Printer Products Application Department. 

Unmatched Reliability rgn Printer PfOdUCtS 

LB A DIVISION OF CAPITOL CIRCUITS CORPORATION 

24 DENBY ROAD. ALLSTON. MA 02134 


Write 33 on Reader Inquiry Card 


( -\ 

Recording Performance 

Engineer 

flexible Disc Media 
Division 

Memorex, a leading international 
manufacturer of precision 
magnetic recording media for 
the computer industry and the 
consumer market, has an 
immediate opening for a 
Recording Performance Engineer. 

In this position, you will be 
responsible for defining product 
performance and evaluating 

competitive products. Provides technical requirements for develop¬ 
ment of media equipment, specifications and standards. Assists in 
design and specification of lab and manufacturing test equipment. 

Requires a BS in Electrical Engineering, Physics or equivalent and at 
least 2 years' experience in magnetic recording media performance 
engineering or a related field. Candidates should have knowledge of 
digital recording as related to flexible disc drives. 

Memorex offers a comprehensive benefits package, competitive 
salaries and excellent career opportunities. For more information, 
send your letter/resume to Bob Hungerford, 1125 Memorex Drive, 

MS 00-64, Santa Clara, CA 95052. An equal opportunity employer. 

MEMOREX 

A Burroughs Company 

Building on strength 
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New Products ■ PERIPHERALS 


MAGNETIC TAPE SYSTEM 


96 TPI DRIVES 


160 Mbytes In 8" Floppy Envelope 

The 160's primary applications are as 
backup for Winchester disk drives, 
file restructuring, data exchange, data 
security, and archival storage. Stor¬ 



age medium for the drive is selfload¬ 
ing, enclosed 4" diameter reel con¬ 
taining 600' of Vz industry standard 
computer grade tape. A 300' tape is 
also available for those users requir¬ 
ing only 80 Mbytes of storage. The 
160 has up to 140 Kbytes/sec. transfer 
rate, 20 min. dump/restore time for 
160 Mbytes, start/stop time of 200 ms, 
soft error rate of 1 in 10 s , hard error 
rate of 1 in 10 10 . Rosscomp Corp., 
Jose C. Elaydo, 16643 Valley View 
Ave., Cerritos, CA 90701. Write 194 


TAPE SUBSYSTEM 

For Apple II And III Systems 

Configured in a Vz format, the 
SCDR-1050 tape drive features IBM, 
ANSI and ECMA compatible hard¬ 
ware and software for Apple's com¬ 
puters. It effectively removes data ex¬ 
change problems between the Apple 
and larger systems by standardizing 
data storage and transfer routines. 



Apple users will now be able to com¬ 
municate with most IBM-compatible 
large mainframes utilizing 9 track 
(NRZI 800 cpi and/or 1600 cpi PE) 
magnetic tape. A typical 2400', 10 Vz 
tape reel will accommodate over 40 
Mbytes of formatted data for any ap¬ 
plication, including backup. Innova¬ 
tive Data Technology, 4060 Morena 
Blvd., San Diego, CA 92117. 

Write 191 


5W' WINCHESTER 

Utilizes ST506 Interface 

The WD505 meets the ANSI packag¬ 
ing requirements providing the same 
dimensions as a standard 5 l A" fixed 
disk Winchester. It is 3’A" high and 
5-yV' wide with a depth of 8". It utilizes 
a pP for the following control func¬ 
tions: cartridge insertion and removal 
control, high speed access control, 
track location calibration, and drive 
motor start/stop. The drive is de¬ 
signed to utilize the ST506 interface 
with no impact to the majority of 
existing controllers, and also takes 
advantage of standard power supply 
inputs. $495 in OEM qty. Western 
Dynex Corp., 3536 W. Osborn Rd., 
Phoenix, AZ 85019. Write 204 


Two Flexible Disk Models 

The FD 591 (single-sided) and the FD 
592 (double-sided), offer an unfor¬ 
matted capacity, respectively, of 250/ 
500 Kbytes and 500 Kbytes/1Mbyte. 
Average access time is 80 ms and 
track-to-track access time is 3 ms. 
They incorporate several innovative 
features, including a brushless DC 
motor, a unique split-band head posi¬ 
tioning mechanism and a reduced 
parts count. MTBF is 10,000 hours. 
The FD 591 is $435, $250 (qtv 1000): 
the FD 592 is $545: $320 (qty 1000). 
Olivetti OPE, 505 White Plains Rd, 
Tarrytown, NY 10591. Write 212 

PAPER TAPE READER/PUNCH 

Apple II And TRS-80 Compatible 

These parallel interface boards and 
data handling programs interface a 
paper tape reader and punch to the 
Personal Computer. The interface is 
designed for the Model 600-1 punch 
and Model 605 reader, and both are 
interfaced with one board and cable, 
$90. The Data Handling Program is 
$115, a 600-1 Punch is $ 1249*1 and a 



605 Reader is $575. Adds complete 
paper tape capability to Apple II Plus 
for under $2100. Applications include 
numerical control and secure commu¬ 
nications systems. Code translation 
options available. Addmaster Corp., 
416 Junipero Serra Dr., San Gabriel, 
CA 91776. Write 205 
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THE 

488^^] IEEE 488 TO S'lOO INTERFACE 


QEEE-W) 



S-100 


■Handles all IEEE-488 1975/78 functions 
■IEEE 696 (S-100) compatible 
■MBASIC subroutines supplied; no BIOS 
mods required 

■3 parallel ports (8255A-5) 

■Industrial quality; burned in and tested 

(Dealer inquiries invitedl 

DSlW digital 

1524 REDWOOD DRIVE 

LOS ALTOS, CA 94022 U 15 I 966-1460 
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4800 BPS MODEMS 

For Dial Lines, Point-To-Point Or Multipoint Lines 

The new line features state-of-the-art signal processing 
functions such as scrambling/descrambling, encoding/de¬ 
coding, filtering, timing recovery, and fast train of 27 ms. 
Other capabilities include: built in diagnostics with a 
unique error rate display, B.E.R., alternate dial interface. 



echo protect, data/voice mode, auto/manual answer, front 
panel interface indicators and optional secondary channel. 
Three different 4800 bps sync modems provide a variety of 
special characteristics. Digilog, Network Control Div, 1370 
Welsh Rd, Montgomeryville, PA 18936. Write 207 

MULTIPLEXORS/PROCESSORS 

Support For Up To 32 Ports 

The System 110 is a |xP-based statistical multiplexor that 
can be used in a point-to-point configuration or as a slave 
unit in a full-function network. It can service both termi¬ 
nals and host computers at either end of the network. The 



System 110/4 supports from 2 to 4 ports over a single line; 
the System 110/8 supports from 2 to 8 ports over a single 
line. $1495 for a 4-port capacity. The System 120 network 
processor provides the same features as the System 110, 
but can support up to 32 ports. It eliminates the need for 
expensive WATS lines or long-distance service. A basic 
System 120 starts at $2450 for a 16-port capacity. Digital 
Communications Associates Inc, 303 Technology Park, 
Norcross, GA 30092. Write 208 

5V 4 " DISK DRIVE 

Apple Compatible 

Super Drive, with enhanced R/W electronics and a track 
zero microswitch, allows faster and more accurate reading 
of data while reducing noise level on initial boot. It also 
reads l /z track software and has a storage capacity of 
143,360 bytes when using DOS 3.3. The unit is compatible 
with most popular operating systems (DOS 3.2.1, DOS 
3.3, PASCAL or CP/M). Data integrity standards meet or 
exceed professional user requirements. $419, dealer and 
OEM qty. discounts apply. Fourth Dimension Systems, 
3100 W. Warner Ave, Suite 7, Santa Ana, CA 92704. 

Write 209 






National Computer-Aided Design Conference 

Disneyland Convention Center 
Anaheim, Calif. • Jan. 17-19, 1983 

CADCON ’83 is the first National Conference and 
Exhibition devoted exclusively to computer-aided 
design for design, development and manufacturing 
engineering. Over 150 exhibitors and 12,000 to 
15,000 attendees are anticipated. All papers and 
authors will be given maximum exposure via a 
comprehensive advertising and promotional cam¬ 
paign. In addition, papers can qualify for publication 
consideration in either Electronic Test, Digital Design, 
Electronic Imaging or Circuits Manufacturing. 

We invite papers for presentation at general 
technical sessions , Seminars and Workshops. 

Papers are invited on the following subjects: 

• Modeling 

• Simulation 

• The Automated Factory 

• Robotics 

• Productivity ratios 

• Geometries 

• Automated drafting and plotting 

• Machinery, forming and stamping 

• Circuit board layout 

• Computer-Aided testing 

• Computer-Aided design 

• Computer-Aided manufacturing 


Abstract Deadline: Sept 20,1982 


i Abstract Form 

PLEASE ATTACH THIS FORM WITH YOUR ABSTRACTS AND BIOGRAPHY 

Name __ 

Title _ 

I 

I Company _ 

Address _ 

City _State _Zip_ 

I Phone ( ) _Ext _ 

i Paper subject _ 

l 

Abstract attached_Abstract to be sent by 

This paper appeals to: □ Advanced Test Engineers 
□ Intermediate/Beginners 


CADCON ’83 is produced by Morgan-Grampian Expositions 
Group. Sponsored by Electronics Test, Digital Design, 
Electronic Imaging and Circuits Manufacturing trade pub¬ 
lications. Morgan-Grampian Exposition Group is a division 
of Morgan-Grampian Publishing Company. 

Forward abstracts (200500 words) and a brief biography 
to: S. Leonard Spitz, Technical Program Manager, Morgan- 
Grampian Expositions Group, 1050 Commonwealth Avenue, 
Boston, MA 02215, or call (617) 232-5470. 


Electronic design & engineering 
hardware 

• Electronic design & engineering 
hardware 

• Mechanical design & engineering 
hardware 

• Mechanical design & engineering 
software 

• Architectural analysis and design 

• Structural analysis and design 

• Data base system integration 

• Interconnecting engineering with 
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COMPONENTS 


Sprint 68 
Microcomputer 



CONTROL COMPUTER 
DEVELOPMENT SYSTEM 

6800 MPU, serial I/O, 48K RAM, 
dual 8" drives, WIZRD multi¬ 
tasking DOS, editor, assem¬ 
bler, 16K BASIC, all for $3949. 

OPTIONS 

C, PL/W, PASCAL, FORTRAN, 
EROM programmer, analog 
I/O, parallel I/O, 488 GPIB 
interface, CMOS RAM/battery, 
power fail detect/power on 
reset 

Wintek Corp 
1801 South Street 
Lafayette. IN 47904 
317 742 8428 


Write 43 on Reader Inquiry Card 


HAS YOUR ADDRESS CHANGED- 
ARE YOU PLARRIRO TO MOVE 
IR THE REAR FUTURE?? 


Please use the enclosed qualifi¬ 
cation form to notify us of 
your address change. A change 
of address requires that 
you fill out the entire form. 


Please allow 6—8 weeks for 
your change to take effect. 


PROGRAMMABLE 

CONTROLLER 

Three Level Architecture 

The CY750 programmable controller 
provides counting, timing, sequencing 
and monitoring operations in a single 
40 pin, 5V package. Designed to add 
high level intelligence to any comput¬ 
er output port, it allows background 
counting or timing processes to con¬ 
tinue while a stored control program 
is executing in the on-board program 
buffer, and even allows live com¬ 
mands to be executed while both of 
the lower levels are operating. $75 in 
singles; $45/100; $20/1000. Cybernetic 
Micro Systems Inc, PO Box 3000, San 
Gregorio, CA 94074. Write 174 

UPS 

Computer Optimized Features In 
Each Critical Area 

The 6000 series includes 4 main ele¬ 
ments. The Battery Charger delivers 
the DC power necessary to drive the 
inverter and simultaneously charge 
the battery reservoir. It features a 
new 12 phase design to minimize in¬ 



put current distortion. The Inverter 
determines the quality of the AC 
power output. Its hybrid design com¬ 
bines the best features of the pulse 
width modulated technology and the 
step wave technology. The Transfer 
Switches include both Manual and 
Static Transfer switches as part of the 
basic design. The Status Display Pan¬ 
el features high reliability LEDs and 
digital panel meters which give full 
operating status at a glance. Gould 
Inc, 2727 Kurtz St, San Diego, CA 
92110. Write 178 


Advertiser Index 


Adaptive Science.38 

Advanced Electronics Design . . 1 

American Automation.40 

Applied Analytics.21 

Anadex.39 

ATE Central.27 

Audiotronics.19 

Bo-Sherrel.28 

Cadcon.81 

CalComp.4 

Comdex.47 

Computer Products.7 

Controlled Power.C3 

Datacube.10 

Dataram.29 

Design Aids.11 

Distributed Computer Systems 31 

Dolch.C4 

D.W. Digital.80 

DY4.58 

Eaton.16 

Electronic Solutions.59 

Exatron.17 

Florida Computer Graphics . 2, 3 ' 

G. R. Electronics.78 

Hecon.8 


Hettinga.17 

Hilevel Technology.33 

International Microcircuits .... 63 

Kennedy.C2 

MDB.9 

Memodyne.30 

Memorex.79 

Micro-Link.35 

Modgraph.6 

Mouse House—a division of 

Howly Labs.28 

Moya.78 

MuSYS.57 

Necom ’82.31 

Nicolet Zeta.42 

Novation.41 

Numerix.15 

Panel Components.78 

Peripherals ’82.22 

Plessey Peripheral Systems. ... 13 
Printer Products.79 

Qantex.7 

Universal Semiconductor.37 

Wintek.82 

Zendex.43 
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Q/PAC Application Note. Literature de¬ 
scribing Q/PAC high capacitance power 
distribution components on a 45K by 8-bit 
word static memory board illustrates the 
features of power distribution and ground 
networks implemented to construct a low 
noise, cost-effective, static memory board. 
Available in either vertical or horizontal 
configurations, Q/PAC components facili¬ 
tate design of high density, low-noise 
memory boards. 

Rogers Corp. Write 269 


Integrated Circuits. Custom, Semi-cus¬ 
tom and Standard Functional IC produc¬ 
tion is described in a full-color 12 pp. 
booklet that serves as an introduction to 
IC production, and includes all the impor¬ 
tant, useful elements of both a capabilities 
and facilities brochure. The booklet fol¬ 
lows a step-by-step approach to product 
design, production, quality assurance and 
service. 

Cherry Semiconductor Corp. Write 251 

DC Servo Amplifiers. This 20 pp. catalog 
provides general description, specifica¬ 
tions, thermal data, application notes, 
functional schematics, connection dia¬ 
grams, photos and outline drawings of a 
complete line of encapsulated and fan 
cooled linear DC Servo Amplifiers. Units 
range from 25 to 1000 W, including dual 
channel units and special units for high al¬ 
titude use. 

Frequency Control Products Write 256 


D/A Converters. This 4 pp. technical bro- 
| chure details the electrical and mechanical 
specifications on the new complete family 
of low cost 16 bit D/A converters model 
DAC9377 Series. The DAC9377 Series 
features a complete 16 bit DAC family of 
converters having linearity grades from 14 
bit to 16 bit (0.0008%)—all packaged in a 
24 pin DIP. Also featured are block dia¬ 
grams, technical notes, and applications. 
Hybrid Systems Write 258 


Monolithic Transceiver. A 4-pp. product 
data sheet describing the MONOBRID 
BUS-63105 MIL-STD-1553 transceiver 
contains a general description, applica¬ 
tions, features and detailed specifications 
along with figures, tables, outline draw¬ 
ings and an “actual size” photo of the 
BUS-63105. 

ILC Data Device Write 259 


Data Acquisition Components. The 48 

pp. short form catalog contains product 
listing and information on hybrid and 
monolithic modules such as A/D-D/A con¬ 
verters, S/H, MUX’s, etc. Also, Analog 
I/O boards, DPM’s, Digital Panel Printers 
and Power Supplies. All products are or¬ 
ganized into quick selection charts and are 
categorized by function and performance. 
Datel Intersil Write 254 


STD BUS Buyers Guide. Lists more than 
500 STD BUS compatible board-level 
products from over 85 manufacturers. The 
publication includes 23 pC-product cate¬ 
gories such as single-board computers, pe¬ 
ripheral controllers, and video boards. 
Thorough product descriptions include 
design and performance specifications, 
prices, delivery-availability and date first 
manufactured as well as manufacturers lo¬ 
cal sales offices. $25. 

Ironoak Co. Write 261 


UCSD p-System. This book provides 
readers with a total understanding of the 
UCSD p-System—the operating system 
which supports the Pascal programming 
language on many microcomputer sys¬ 
tems. Feature-by-feature descriptions of 
the file system, screen editor and Pascal 
compiler, as well as complete instructions 
on how to write and run a wide range of 
Pascal programs are included. Introduc¬ 
tion to the UCSD p-System, Charles W. 
Grant and Jon Butah, 300 pp., $14.95. 
Sybex Write 271 

Power Supply. A Power Supply Engi¬ 
neering Reference Pak provides important 
technical information to the design engi¬ 
neer for selecting and specifying DC pow¬ 
er supplies. The Reference-Pak features 
short-form power supply catalogs with 
electrical/mechanical specifications and or¬ 
dering information on hundreds of AC/ 
DC linear and switching power supplies 
and DC/DC converters. 

Power Products Group Write 268 

Computer Graphics. The 1982-83 edition 
of the “S. Klein Directory of Computer 
Graphics Suppliers” pinpoints industry 
suppliers of hardware, software, systems, 
and services in CAD/CAM, business 
graphics, and image processing. Also in¬ 
cluded is demographic data on the com¬ 
puter graphics industry. $47. 

Technology & Business Communica¬ 
tions Write 253 

Multiplexer Brochure. The 14 pp. color 
brochure explains the advantages of statis¬ 
tical multiplexing and describes Para- 
dyne’s fully integrated family of intelligent 
multiplexers. The DCX (Data Concentrat¬ 
ing Exchange) Series provides all the data 
channels a user needs to connect his var¬ 
ious terminals and computers, using the 
absolute minimum number of communica¬ 
tions lines. 

Paradyne Write 267 

Plasma Display/Memory Units. A 6 pp. 

full-color brochure details Electro-Plasma’s 
knowledge, expertise, and commitment in 
the manufacture of plasma display/mem¬ 
ory units. Key features include a rugged 
and compact design, ergonomic superior¬ 
ity, safety, inherent memory, viewing clar¬ 
ity and comfort. 

Electro-Plasma Write 255 





COMPUTER GRAPHICS SUPPLIERS 
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Viewpoint 


What Constraints 

Will Shape The Future 

|jlP Development System Product? 


by Simon Wieczner 
Boston Systems Office 
Waltham, MA 

Two major forces, I believe, will impact the future requirements of 
|jlP development systems products. One is the growing number of 16 
bit (and 32 bit) p,P applications. The other is the increasing software 
sophistication of the piP application designer. 

To effectively create products using the newer, more sophisticated 
pPs, more rigorous program modularization and definition methods 
will come into use. When several engineer/programmers are simul¬ 
taneously developing a product, they require systems that permit 
the sharing of source files and of subroutine libraries. Sharing will 
prevent divergence of sources that results in program incompatibil¬ 
ity at system integration time. Additionally, the use of identical de¬ 
velopment aids will be deemed to be necessary to prevent different 
kinds of development systems from permitting slightly different program syntax and instructions 
which may also prove to be incompatible at system integration time. 

High-powered linkers in conjunction with relocatable assemblers, compilers and librarians will be 
necessary to reduce duplication of effort from project to project over commonly used program mod¬ 
ules and thereby speed the product to market. Development tools similar to the ones available in the 
main-frame and mini-computer area will be vital to insure timeliness in program development. These 
tools will permit reduced errors through facilities for controlling and enforcing more rigorous pro¬ 
gram design rules and definitions. 

To handle the increasing software sophistication of the designer, new products providing features 
such as symbolic debugging and interactive program execution/modification will come into use. For 
example, it will be important to have the capability to determine that e.g. variable COUNT is wrong 
and to instantly replace it and test the correction. Another important feature will be automated soft¬ 
ware QC. It will be performed by creating test input and output data files that can be automatically 
read or written from the executing program and tested against correct, standard test data. Whenever 
a program is modified, that data will be used to validate the program again. 

As engineers learn about some of the development tools potentially available to them, they will 
learn to appreciate their benefits of speedy debugging, thorough and rigorous testing after every 
modification, testing the software in an environment protected from the undependability of proto¬ 
type hardware and a user interface that is understandable and clear, but still sophisticated. 

As product managers, as well as engineers, realize that their most expensive resource investment is 
software and their greatest maintenance costs are related to software errors, better development 
tools and techniques will be required and used. 
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G4RI&GE PURIFIED 

POWER OUT! 



FOR REUARLE 
COMPUTER OPERATION 

POWER PURIFICATION SYSTEMS 


r ' 


SERIES BOO 


GUARANTEED PROTECTION 

from 

• Transients 

• Noise 

• Brown Outs 

• Line Surges 

Other Line Disturbances 


And other products to prevent 
costly malfunctions and downtime 
from input-power disturbances: 

Series 500 - Line Voltage Regulators 
Series 600 - Max-E-lsolation Transformers 
Series 700 - Line Voltage Conditioners 
Series 900 - Electronic Line Voltage 
Regulators 


CONSTANT VOLTAGE TRANSFORMERS 
FOR LINE VOLTAGE REGULATION, 
CONDITIONING AND PURIFICATION. 

for 

Mini Computers * Numerical Control Systems 
• Large Computers * Communication Systems 
Micro Processors * Programmable Controllers 
• Other Sensitive Electronic Equipment 



Write 2 on Reader Inquiry Card 







Dolch. 

advanced logic analysis 



32 to 64 Channels plus Mnemonics. 


Trace it all— fast—and disassemble your 
code into Mnemonics. When you have a 
sophisticated job to do, don't get bogged 
down in machine code. The Dolch LAM 
3250 logic analyzer gives you the channels 
you need to trace data, address, port and 
control lines. And Dolch makes sure you'll 
be able to handle future needs with channel 
expansion to48 or even 64 channels. 

Hook up fast, too. Dolch personality 
probes clip right over your CPU chips so 
you don't waste valuable time connecting 
dozens of individual hooks on IC pins. 


And the probe takes care of clock, timing 
and signal interfacing so you don't have to 
worry about signal conditions. 

Store your setups. The Dolch LAM 3250 
lets you hold setups in a nonvolatile mem¬ 
ory. Six files of menu and display config¬ 
urations can be stored for up to three 
months without power. You don't have to 
reprogram every time you power up. 

Don’t settle for less than Dolch. The 

LAM 3250 is truly a universal logic ana¬ 
lyzer with recording speeds of up to 50 
MHz, sophisticated sequential triggering. 


multilevel clocking, and 1 K-deep source 
and reference memories. 

See a demonstration. You'll appreciate the 
difference in Dolch. For details on the LAM 
3250, or any of our other trouble-shooting 
tools, write: Dolch Logic Instruments, Inc., 
230 Devcon Drive, San Jose, CA 95112. Or 
call toll free: (800) 538-7506; in California 
call (408)998-5730. 

Bffl DOLCH 

LOGIC INSTRUMENTS 


For Demonstrations, Write 4 on Reader Inquiry Card 
For More Information, Write 14 on Reader Inquiry Card 






















